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ABSTRACT 
The Transition metal oxides [TMO'sj having perovskite (ABO3 type) 
structure constitutes one of the fascinating classes of inorganic solids in 
the scientific community because of their fundamental physics as well as 
novel technological applications. These perovskites exhibit inspiring 
physical properties such as structural, electrical transport, magnetic and 
optical occurring due to the strong electron correlation effect in the 
systems. They have been attracting intense attention because of their 
exotic phenomena such as high T. superconductivity in cuprate 
systems, ferroelectricity in titanates, Metal Insulator Ttransition [MTT], 
Colossal Magneto Resistance [CMR] and charge ordering in manganites. 
Among these most of the Properties are due to the close interplay 
between electric and magnetic properties arising from the simultaneous 
presence of strong electron-electron interaction potential within the 
sizeable hopping interaction between the transition metal-d and oxygen-
p orbitals. 
Recently, a promising class of magnetic materials with composition 
Re,_ &MnOa where Re = La, Nd, Gd, Y; A= Ca, Sr, Ba, Pb has attracted a 
lot of attention because of their challenging properties and applications. 
Particularly, lanthanum based manganites extensively gain interest 
because of extremely rich variety of their electrical properties from a 
large insulator to metallic and magnetic properties such as non-
magnetism to magnetism, antiferromagnetism to ferromagnetic, spin 
glass and charge/spin density wave transitions. Properties of such 
samples arc determined by several factors such as the percentage of the 
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divalent ions, ionic radii of the metal ions and the method used in 
preparation of samples. In general when the particle size of these 
materials reaches nanometer range i.e. 1-100 nm it is predicted that 
properties undergo drastic change. It affects the phase formation, Curie 
temperature (T,), metal insulator transition temperature (Tn) and many 
other factors. Consequently, studies of these oxides have been studied 
from last 2 decades for various device applications such as read heads, 
low field magnetoresistance devices, electrodes for fuel cells etc. 
Presently these materials have been explored as nanoparticles and 
investigations are going on to utilize their properties in biomedical 
sciences. 
Nanotechnology is considered as one of the most innovative and 
pioneering technologies of the present world. This technology makes it 
possible to give existing chemical substances with new properties. The 
potential applications appear to be inexhaustible and offer opportunities 
to improve the quality of life and reduce energy consumption or promote 
ether aspects of sustainahility. Basically, materials with dimensions in 
the nanometer regime exhibit the properties which are remarkably 
different from their bulk counterpart as a result of which researchers 
and scientists are motivated to log the changes in properties that occur 
with decreasing size and explore the reasons behind the novel properties 
of nanomaterials. In the field of biomedical sciences these nanoparticles 
have been used for drug delivery, MRI, cell separation and hyperthermia. 
Earlier cancer was treated by surgery, radiation or chemotherapies 
which have disadvantages of losing organs, burning and damage of other 
healthy cells. Researchers are trying to find the new material particles 
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sensitive to tumour cells leaving the healthy cells unaffected i.e. selective 
heating and targeting. Magnetic nanoparticles seems to have such 
properties. The characteristic properties required in these magnetic 
nanoparticles are:- 
• Low Curie temperature i.e. T, around 40-60°C. 
• Narrow and steep phase transition at T, (crucial for temperature 
stabilization). 
• Sufficiently high value of Specific Absorbtion Rate (SAR). 
• Biomedical requirement such as chemical stability and 
biocompatibility. 
Some other parameters associated are concentration and size of 
nanoparticle, spatial distribution of the heat sources, as well as the 
amplitude and frequency of the alternating field, which provides required 
strictly limited rise in temperature within the tumour region and 
minimum heating in the surrounding healthy tissues. In the search of 
such nanoparticles, earlier ferrite nanoparticles have been targeted 
because of biocompatibility and good Specific Absorption Rate, but major 
drawback was the inconvenience in the control of invivo temperature 
which results into the local overheating of the healthy tissues. Exploring 
further interesting properties of perovskites ABO3 with A as Lanthanum 
and B as Manganese an attempt can he made to synthesize and 
characterize these nanoparticles with suitable dopant for the desired 
properties for hyperthermia. Hyperthermia is the treatment of cancer 
using heat loss property of the magnetic nanoparticles either by Neel 
relaxation losses or Hysteresis losses or Brownian Frictional Losses. 
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In present work, I was motivated to explore the synthesis of the 
doped manganite using solid state method and sol-gel route with varying 
doping concentration. Further characterizing them for their structural, 
electrical and magnetic transport properties so as to tune them as a 
promising candidate for magnetic hyperthermia which utilizes the 
ferromagnetic to paramagnetic phase transition property of these 
materials. The parent material LaMnO3 is an antiferromagnetic at room 
temperature. The material is studied long back and doped by divalent 
metals at the lanthanum site for various device applications. Hereafter 
literature survey, it was found that strontium doped LaMnO3 is an 
interesting manganite which is ferromagnetic at room temperature and 
has a rich phase diagram. This manganite is famous for its CMR 
properties and suitable for spintronics devices but, nowadays 
researchers are interested in LSMO nanoparticles for biomedical 
application. This material is efficient in treating cancer because of 
adjustable Curie temperature. LSMO has the Curie temperature much 
above the room temperature and with suitable doping can be tuned with 
a desired magnetization. 
In the light of above, this research work has been carried out and 
the work is divided into 8 Chapters as: 
Chapter 1 is dedicated to the introductory vision for the current 
research work status. It basically gives us a brief about the perovskite 
materials their properties with special reference to mixed valence 
manganites. The main objective of the chapter is to study the various 
phenomenon exhibited by mixed valence manganites. Also, the dramatic 
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behavior and properties revealed by these materials in nanodomain have 
been studied. Emphasis has been given to Strontium doped manganites. 
Chapter 2 describes the basic physical concepts, mechanism and 
theories that have been utilized to explain various phenomena attributed 
to the experimental results obtained in this work. It includes: The 
PowderX, Rietveld refinement of X-ray data, FullProfSuite, Zener 
polynomial law for electron conduction, exchange interactions, complex 
ordering and the Jahn Teller mechanism. 
Chapter 3 is the study of the various experimental techniques 
used in the present research work. Standard solid state reaction route 
and Sol-gel synthesis route have been explained for the preparation of 
the samples followed by various characterization techniques brief 
outlines such as XRD, TGM, FTIR, XPS, TGA/DSC, VSM, 
magnetoresistance setup and electrical resistivity setup, utilized to 
characterize and evaluate these perovskites. 
Chapter 4 describes the effect of Strontium doping in LaMnOa 
manganites. The doped manganites were synthesized in the nano 
domain using mild sol-gel route followed by structural, microstructural, 
chemical and magnetoresistance studies to observe the amount of 
ferromagnetism arising because of A site Strontium in an 
antiferromagnetic LaMnO3 system in the nano domain there by 
accepting and exploring it for further for B site doping. This chapter 
concludes the successful synthesis of manganites in nanodomain with 
desired properties in 33% Strontium doping at lanthanum site. 
Chapter 5 illustrates the effect of Nickel doping in 33% strontium 
doped LSMO. Here, synthesis of Nickel doped Laoo7Sro.33Mm-xNizOa 
x 
manganites with x = 0.0 to 0.35 in nano domain using sot-gel route at 
low temperature has been explained followed by structural, magnetic 
and magnctoresistance studies to examine the effect of Ni doping on 
ferromagnetism. Results of this chapter confirms that though magnetic 
nanoparticles were formed with Nickel doping at manganese site but 
Nickel doping affects the ferromagnetism in the strontium doped 
manganites with a tremendous amount and it is required to focus on low 
nickel doping concentration for magnetization and Curie temperature 
study. It suggests, Ni doped LSMO with doping level less than or equal to 
10% could be explored. 
Chapter 6 is dedicated to the low doping concentration of Nickel at 
manganese site using standard solid state reaction route for studying 
the Curie temperature and other structural, magnetic and electrical 
transport properties. 
Chapter 7 systematically concludes the results of the complete 
work. The study reveals that Ni doped LSMO with doping concentration 
below 10% retains the required properties as a core particle for treating 
cancer cells i.e. a suitable candidate for magnetic hyperthermia. 
Chapter 8 states the approaches being described to further utilize 
the material for magnetic hyperthermia by suitable encapsulation of 
biological protein or polymer. Measurements such as heat efficiency, AC 
frequency quantification and Specific Absorption Rate (BAR) have been 
explored. The future of these nanoparticles with challenges in 
application has been elaborated. 
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1 
Introduction & Literature Survey 
This Chapter describes the current research status of the work 
carried out in proposed field of manganites. It gives a brief about the 
perovskite materials, their properties with special reference to mixed 
valence manganites. The main objective of the chapter is to study 
various phenomena and properties exhibited by mixed valence 
manganites followed by the unique behaviour shown by these 
materials in nano domain. 
1.1. Introduction 
In the present scenario, Nanotechnology and Nanoscience is one 
of the most dependable branch of science and technology which is 
extensively used because of its tremendous applications in day to day 
life. It is defined in the preview of design and fabrication of materials, 
devices, and systems with control at the nanometre scale (1 to 100 
nanometres) whereas later refers to the focus towards the 
observations, study of the phenomenon at nanometre scale and ways 
of manipulating matter at these scales, wherein many properties of 
matter differ from those of bulk counterpart [1]. Nanotechnology has 
been provisionally defined by the ISO (International Organization for 
Standardization) [2] as: 
• Understanding and control of matter and processes at the 
nanoscale, typically, but not exclusively, below 100 nanometres in 
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one or more dimensions where the onset of size-dependent 
phenomena usually enables novel applications. 
• Utilizing the properties of nanoscale materials that differ from the 
properties of individual atoms, molecules, and bulk matter, to 
create improved materials, devices, and systems that exploit these 
new properties. 
On nano scale, there is a vast increase in the ratio of surface area to 
volume. Due to this, materials show very- different properties 
compared to what they exhibit on a micro scale, enabling unique 
applications [3]. 
This technology is occasionally referred to as 'converging 
technology' as it describes the creation/integration and utilization of 
materials, devices, and systems through the control of nanometer-
sized materials and their innovative applications to physics, 
chemistry, biology, engineering, materials science, medicine, and 
other endeavors. Sometimes it is also called as 'enabling technology', 
because it enables new scientific and technological developments in a 
wide range of disciplines and fields of application [3]. It includes three 
r 
	
	 to zero dimensions structures. Synthesizing and characterizing 
nanoparticles and nanostrucLured materials for a specific area of 
application has always been an interesting field of research for the 
scientists around the world. In the present scenario there are 
numerous nanomaterials research focused towards device 
applications, system integration, film fabrication and biomedical 
applications. The decreasing particles size to the nanoscale leads to 
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the appearance of new phenomena that are not observed at bulk 
scale, opening a wide world of applications of nanoparticles into 
different physical and chemical areas. The combination of new 
preparation techniques that allow us to obtain nanoparticles with 
narrow and well-defined size distribution profiles, with powerful 
characterization techniques, is giving a deep insight into the 
microscopic mechanisms responsible for that new phenomenology. 
The combination of size and surface effects deeply modify the 
electronic structure of the nano entities promoting a magnetic 
behavior completely unexpected in hulk state. The possibility of 
fabrication of tailored nanoparticles for a specific purpose, such as 
biomedical applications, opens a new era for material science [4]. In 
last few years intensive efforts are in progress to develop nanoparticles 
for medical use as agents that can be targeted to specific organs, 
tissues, and cells because these nanoparticles are within the size of 
the biological entities (from few nanometres up to about 100 pm) for 
example cells (10-100 pm), viruses (20-450 nm), proteins (5-50 nm), 
or genes (2 nm wide and 10-100 nm long). Magnetic particles with 
different sizes are very interesting for biomedical applications. Among 
the different kinds of nanostructures, magnetic NPs (NP) are 
particularly attractive because they can be remotely controlled via 
magnetic fields that penetrate easily into organic tissue and act at 
distance (without contacts). Nowadays, in the frame of biomedicine, 
different applications of magnetic NPs have been identified [5] for 
example, magnetic nanoparticles (MNPs) are being used clinically as 
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contrast agents for magnetic resonance imaging5 (MRI), MNP-based 
targeted drug delivery systems5, Tissue engineering for prostheses and 
implants [6], magnetic cell separation and labelling5, gene delivery [7], 
hyperthermia etc. Among magnetic nanoparticles, transition metal 
oxide nanoparticles specifically manganites show amazing properties 
at nanoscale and can be a preferred candidate for biomedical 
applications. Thus, it is required to understand the theoretical physics 
and other concepts to make nanomanganites suitable for biomedical 
applications. 
Transition metal oxides (TMO's) constitute one of the most 
fascinating classes of inorganic solids exhibiting inspiring physical 
properties such as structural, electrical transport, magnetic and 
optical occurring due to the strong electron correlation effect in the 
systems. Consequently, studies of these oxides have seen a 
resurgence of interest in the past few decades. Just after the discovery 
of superconductivity in lanthanum cuprates the perovskite (wide infra) 
materials received much attention and now days have become a 
focusing member of the magnetic nanornaterials family. 
Further, TMO's possesses some interesting phenomena such as 
high T, superconductivity in cuprate system, metal insulator 
transition (MIT), colossal magnetoresistance (CMR) and charge 
ordering in manganites. Among these most of the properties are due to 
the close interplay between electric and magnetic properties arising 
from the simultaneous presence of strong electron-electron interaction 
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potential, within sizeable hopping interaction between the transition 
metal d and oxygen p orbitals. 
In particular, the existence of metal-insulator transition 
phenomenon in lanthanum based manganites was established in early 
1950's [8, 9], and was extensively studied thereafter. These types of 
perovskites present a very interesting group of materials because of 
extremely rich variety of their electrical properties from a large gap 
insulator to metal and magnetic properties such as non magnetism to 
magnetism, antiferromagnetism to ferromagnetism [10, 11]. Some 
examples of these perovskites are LaFeO3, LaCoO3, LaCrO3, LaNIO3, 
LaMnO3 and certain doped manganites. The magnetic and electrical 
transport properties of these samples are determined by several 
factors such as the percentage of the divalent ions, the ionic radii of 
the metal ions, and the method used in preparation of samples [10- 
121. 
1.2. Perovskite Materials 
Basically the name perovskite refers to a relatively rare mineral 
called as calcium titanium oxide (CaTiO3) occurring in orthorhombic 
crystal symmetry and is found in metamorphic rocks and associated 
mafic intrusives nepheline syenites and rare carbonates. This was first 
discovered in the ural mountains of Russia by Gustav Rose in 1839 
and named for Russian Mineralogist Count Lev Alexevich von 
Perovski. In general, perovskite is the name of more general group of 
crystals that take the same structure and is now used to refer to any 
member of a very large family of compounds that has the basic 
chemical formula ABO3 where A and B ions are cations of different 
size and for which the B ion is surrounded by an octahedron of 0 
ions. Perovskites (MgSiO3 and FeSiO3) are the most abundant 
compounds in the Earth's crust. The compounds with the formula 
ABO3, with O=oxygen and B =a transition metal ion, are a subclass of 
the transition metal oxides that belong to the perovskite family. Table 
I provides a brief list of some well-studied ABO3 perovskites. Many of 
the perovskites are cubic or nearly cubic, but they often undergo one 
or more structural phase transitions, particularly at low temperatures. 
The idealized structure is a primitive cube but differences in the ratio 
between the `A' and B' cations can distort the crystal structure to 
some extent and become orthorhombic or worse. 
Table I. Some Perovskites and related Oxides 
Insulating Metallic Magnetic Superconducting 
Sr i'iO3 (n-type) 
W03 Re03 PbCrO3 Na,,WO3 (t) 
NaTaO3 NaWO3 LaCrO3 K.,WO3 	(t) 
SrTiO3 KMoO3 CaMnO3 K,,WO3 	(h) 
BaTiO3 SrNbO3 LaMnO3 Rb,WO3 (h) 
KTaO3 LaTiO3 LaCoO3 CS,WO3 (h) 
LiNbO3 LaWO3 LaFeO3 Li,WO3 	(h) 
t=tetragonal; h=hexagonal 
The general crystal structure can be thought of as a body 
centered cube (BCC) lattice with `A' ion of valency +2 at the center 
surrounded by eight B' ion of valency +4 each at the corner of 12 `O' 
ions each occupies the edge as shown in Figure 1.1. Similarly, the 
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structure can be thought of as face centered cube (FCC) lattice with 
ion `B' at the center surrounded by six `O' ions, each at a face center 
and eight `A' ions, each at the corner as in Figure 1.2. 
OS O S 
O 
• O S 
O 
O 	O 0 B 
O 	~ O 
O ° 
00 O .00  	O 	~ 
Fig. 1.1 General Perovskite Structure (BCC) 
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O 	
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Fig. 1.2 General Perovskite Structure (FCC) 
For perovskite itself (CaTiO3) cubic symmetry is found at all 
temperatures but in compounds such as BaTiO3, PbTiO3, KNbO3 there 
is a slight adjustment to a tetragonal form of cooling below the 
ferroelectric transition temperature. The perovskite oxides are 
extremely interesting and widely studied because of the enormous 
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variety of solid-state phenomena they exhibit. These perovskites are 
widely studied because of the exciting and fascinating physical 
properties such as insulating, semiconducting, ferromagnetism, 
antiferromagnetism, spin glass, charge/spin density wave transitions, 
superconductivity, ferroelectriciry and colossal magnetoresistance in 
varied states and phases. Many of these phenomena occur in 
materials that are lattice matched within a few percent of one another; 
giving rise to the possibility of heteroepitaxial structures using 
perovskite oxides, accessing these multiple degrees of freedom, 
Generally, the electrical and magnetic properties of these perovskites 
depend on the choice of element A, B and doping element either at A 
or B site [13] or by departures from ideal stoichiometry. The electronic 
energy bands of the perovskites are very unusual in that they exhibit 
two-dimensional behavior that leads to unique structure in properties 
such as the density of states, Fermi surface, dielectric function, 
phonon spectra and the photoemission spectra. Some perovskites 
have delocalized energy-band states, some have localized electrons, 
and others display transitions between these two types of behavior. 
Many of the perovskites are magnetically ordered and a large variety of 
magnetic structures can be found. Moreover, perovskite structure has 
the curious property that the central atom does not touch its 
coordination neighbours in violation of Pauling's rules. This structure 
gives the property of piezoelectricity and sometimes ferroelectricity. 
Oxides such as BaTiO3, LaMnOs, LaNiO3, LaFcO3, etc are known as 
representative compounds. These materials also offer wide variety of 
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phase transitions: ferroelectric, antiferroelectric or purely structural 
transitions. Most of the transitions encountered in the perovskite 
crystal involve only a small change in the atomic position parameters, 
which leaves the essential topology of the structure unaltered. These 
changes are often hard to detect directly and are detected indirectly by 
the changes or discontinuities in physical properties that are linked to 
the changes of atomic position parameters. The perovskites are also 
important in numerous technological areas. They are employed in 
photochromic, electrochromic, and image storage devices. Their 
ferroelectric and piezoelectric properties are utilized in other device 
applications including switching, filtering, and surface acoustic wave 
signal processing. Research on these appealing perovskites is being 
investigated since decades. However, it is only in recent years that 
experimental and theoretical information on the electronic structure 
has begun to become available [14]. Energy band calculations, 
neutron diffraction and inelastic scattering data, photoemission 
spectra, optical spectra, and transport data are now available for 
materials such as ReO3, W03, NaWO3, SrTiO3, BaTiO3, KMoO3, KTaOa, 
LaMnO3, LaCo03, and a variety of other perovskites [14]. Surface 
studies of single-crystal perovskites have been performed using 
photoelectron spectroscopy that indicates that the surface properties 
are extremely complex and interesting [14]. 
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1.3. Manganites 
In the family of ABO3 perovskites with B as Mn ion forms a 
special class of perovskites known as manganites. A typical 
orthorhombic distorted perovskite lattice of manganite with A = La, B 
= Mn is shown in Figure 1.3. Manganites find important place in the 
material science research because of its wide applications owing to the 
enormous properties shown by these materials in varying conditions. 
Manganites are richly varied and fascinating systems because of 
dramatic properties shown by them in varied environment. These are 
strongly correlated electrons family wherein the correlations among 
electrons assign various interesting properties to this class of 
materials. Out of these, interestingly class of materials, colossal 
magnetoresistive manganites always being investigated by a sizable 
fraction of the condensed matter community and their popularity had 
reached the levels comparable to that of the high-temperature 
superconducting cuprates. An enormous interest in the study of 
manganites is due to their interrelated properties and possibilities of 
device applications. Mixed valence manganites with the perovskite 
structure have been studied for almost 50 years. The system offers a 
degree of chemical flexibility which permits the relation between the 
structural, electronic and magnetic properties of these oxides to be 
examined in a systematic way. Early research was motivated by a 
need to develop insulating ferromagnets with a large magnetization for 
high-frequency applications. 
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Fig.1.3 Typical manganite perovskite structure with A= La, B = Mn 
(orthorhombic distorted perovskite Iattice) 
More recent work has been driven by a desire to understand 
and exploit the large negative magnetoresistance effects which appear 
near and below the Curie temperature to understand the low field 
magnetoresistance effect at low temperature. Research on the 
manganites has revealed new phenomena such as colossal 
magneto resistance (CMR) [ 15] and dense granular magnetoresistance 
[ 161 which led to the understanding of various physical concepts such 
as Zener double exchange (ZDE) [ 17, 18] and the Jahn-Teller (JT) 
effect etc. [19, 20]. They can change dramatically stoichiometrically in 
time and/or space as a result of small changes in condition. 
Thus, it can be realized that there are at least five reasons 
which make manganites an important area for experimentalists and 
theorists aiming to improve an understanding of the behavior of 
electrons in crystals. 
1. The unexpectedly large magnetotransport properties of these 
compounds. On application of small magnetic fields, the resistivity 
changes by many orders of magnitude, an effect which carries the 
name of Colossal Magnetoresistance (CMR). 
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2. The rich phase diagrams, exhibiting a variety of phases with 
unusual spin, charge, lattice and orbital order. These four active 
degrees of freedom lead to a rich phenomenology and an excess of 
phases that have been identified experimentally using a variety of 
techniques. Phase competition at the boundaries between these 
phases produce interesting results. 
3. Intrinsically inhomogeneous nature of manganites i.e. these 
compounds are dominated by coexisting clusters of competing 
phases. These phases may or may not have a different electronic 
density, but usually have different symmetry breaking patterns. 
4. Temperature and field dependent intrinsic and extrinsic 
magnetoresistance (MR) in nano regime which depends on the grain 
boundaries and grain morphology of the manganites. 
5. These materials have amazing potential for wide applications in 
varied fields such as solid electrolytes, catalysts, sensors, 
biomedical sciences and novel electronic materials. 
Thus, these compounds represent the interplay of experiment, 
theory and applications which are the important aspects of condensed 
matter physics research. 
1.3.1 Mixed Valance Manganites 
Manganese oxides with general formula Rei-AKMnO3 where Re 
is a trivalent rare earth cation (Re = Lai' , Pr3+ , Nd3* , Sm3  , 
etc.) and A is divalent alkaline earth cation (A = Ba2' , Sr"-  , Ca2+, etc.) 
with a structure similar to that of perovskite i.e. ABOa type structure 
are commonly known as mixed valence manganites because in these 
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compounds, when divalent alkaline-earth ions substitute trivalent 
rare-earth ions at the A sites, part of Mn3 cations convert into Mn4+ 
valence state to maintain the charge neutrality of the system. In 
Stoichiometric oxides, the fractions of Mn3` and Mn4 ions correspond 
to 1-x and x, respectively. 
As one of the particular significant class of contemporary 
materials, these manganites, have attracted a large amount of 
attention due to their remarkable structural, magnetic and electronic 
properties that are governed by the (competitive or cooperative) 
interplay of lattice, charge, orbital and spin degrees of freedom. These 
materials have long been the subject of study because they exhibit 
extraordinary properties such as the high T, superconductivity, CMR 
effect, colossal magnetocapacitance, multiferroic behavior, metal-
insulator transition, complex phase transitions, GMR effect etc. [21, 
22]. The Rei-XA.,MnO3 manganites crystallize into the perovskite 
structure as shown in Figure 1.2, where the large rare-earth and 
alkaline-earth ions fill the A sites with 12-fold oxygen co-ordination, 
and small Mn3+ and Mn4+ ions occupy the B sites located at the center 
of the oxygen octahedra. The Mn atom has an electronic configuration 
ls2 2s2 2p6 3s2 3p6 3d' 4s2 with the in-completed-shell. In the 
Rei-.~AXMnO3 lattice, Mn ions are in octahedral oxygen coordination, 
and the 5-fold orbital degeneracy of the 3d levels of Mn is split by the 
octahedral crystal field into the lower-lying triply degenerate t2g states 
and the higher-lying doubly degenerate Cg states as shown in Figure 
1.4. According to the Hund's first rule (maximum S), the d-electrons 
14 
have the same spin orientation. Mn3+ ion has an electronic 
configuration 3d4 with three electrons at the t2g levels and one electron 
at the eg level (S=2) where as Mn°+ ion with the 3d3 electron 
configuration has three t2g electrons and no electron at the eg level 
(S=3/2). The degeneracy of the t2g and eg levels can be further removed 
as a result of the Jahn-Teller distortion (details explained in chapter 
2), a crystal field with symmetry lower than octahedral lifts the 
degeneracy of the t2g and eg levels, as shown on the right side of Figure 
1.4. It is observed that the energy of the Mn4+ ion having no eg 
electrons remains unchanged, whereas the energy of the eg occupied 
state of the Mn3* ion is lowered due to the Jahn-Teller distortion at a 
cost of the lattice energy. Therefore, Mns- ions have a great tendency 
to the Jahn-Teller distortion of their octahedral environment. 
C8 	 JT 
3d orbitals 
CF5 
tZa 
Fig. 1.4. Crystal-field splitting (CFS) of the 5-fold degenerate atomic 3d 
levels in to lower t29 (triply degenerate) and higher eg (doubly 
degenerate) levels (in the middle). The Jahn-Teller distortion of the 
MnOo octahedron further Iifts each degeneracy. Splitting of the t2, and 
eg levels and distortion of the Mn06 octahedron due to the Jahn-Teller 
effect is shown on the right side. 
In the manganites with high concentration of Mn3+ ions, 
cooperative Jahn-Teller distortions take place, leading to lowering of 
the lattice symmetry. Depending on composition, Rei-x A.MnO3 
compounds exhibit a wide range of electronic and magnetic phases, 
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ranging from low-resistance ferromagnetic metals to high-resistance 
insulators. At high temperatures, these materials are paramagnetic 
and semiconducting or insulating. When the temperature is 
decreased, a transition from the paramagnetic to ferromagnetic 
metallic state occurs at the Curie temperature, the value of which 
depends both on the doping level x and the average ionic radius FA of 
the cation in the A position. Van Santen and Jonker [8,9] in the 1950s 
first studied the correlation between the electrical conduction and 
ferromagnetism in certain perovskite manganites and were later 
confirmed by conducting various experiments. The basic properties 
observed were (i) The maximum Curie temperature, minimum 
electrical resistivity, and linear relationship between the 
magnetoresistance and magnetization of the specimens is observed 
when x = 0.3. (ii) Both divalent element content and oxygen 
stoichiometry can transform part of Mn3 ions to Mn4+ ions. (iii) The 
relevant parameter determining T, is not the distance between Mn 
atoms but the angle of the Mn-O-Mn bond. 
The magnetic properties of the mixed valence manganites are 
governed by indirect exchange interactions between magnetic 
moments of Mn ions and were explained theoretically by the double-
exchange mechanism proposed by Zener [17, 18] (explained in chapter 
2) and further elaborated on by Anderson and Hasegawa [23], de 
Gennes[24], and Goodenough[25]. This double-exchange mechanism 
is the basic mechanism of electrical transport and explains the 
observed simultaneous occurrence of metallic conductivity and 
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ferromagnetism in the manganites. Also, the competition between the 
exchange 	mechanisms is apparently responsible for the complex 
phase diagrams of the Rei-xAxMnO3 compounds. Though the double-
exchange theory allowed qualitative explanation of the transport 
properties of the manganites but was inconsistent with a number of 
experimental results which was later solved by A.J. Millis et al. [26-30] 
proposing a strong electron—phonon coupling phenomenon in these 
manganites occurring due to the dynamic Jahn-Teller splitting of the 
d level of Mn3'. 
Thus, the scope and phenomenology of manganites is broad and 
makes them open for wide applications. As discussed above these 
materials show complex electronic and magnetic properties with very 
rich phase diagram consisting of insulating paramagnetic (PI), 
ferromagnetic (Fl), antiferromagnetic (AFI), charge ordered insulators 
(COI), then metallic states as paramagnetic (PM) and ferromagnetic 
(FM). The forth coming sections of this chapter will discuss these 
properties, phase diagrams, Magnetoresistance followed by 
applications of mixed valence manganites. The detailed mechanism 
and theoretical models responsible for the strange phenomenon 
occurring in these manganites is explained in chapter 2. 
1.3.2. Structure of Manganites 
The doped Reh_,AxMnOa type perovskite structure has cubic unit 
cell as in Figure 1.2. At the corner, Mn ions are surrounded by 
octahedral oxygen units known as the Mn06 octahedra and the Re 
occupying the holes between the octahedra which form the stable 
17 
skeleton of the structure. The undistorted cubic parent structure is 
schematically depicted in Figure 1.5. 
• Re3', A2 = A site 
Q Mn3+ = B site 
O Oxygen 
Fig. 1.5 ABO3 type Rey. ,rMnO3 perovskite structure (simple cubic 
system) 
The relative ion size requirements for stability of the cubic 
structure are quite stringent, so slight buckling and distortion of 
MnOo octahedra, can produce several lower-symmetry distorted 
structure, in which the coordination numbers of Re (and A) cations, 
Mn cations or both are reduced. Tilting of the MnO6 octahedra 
reduces the coordination of an undersized Re cation from 12 to as low 
as 8. Conversely, off-centering of an undersized Mn cation within its 
octahedron allows it to attain a stable bonding pattern. Complex 
perovskite structures contain two different Mn-site cations. This 
results in the possibility of ordered and disordered structures. The 
orthorhombic and tetragonal phases are most commonly observed 
non-cubic structures for doped manganites. In Re1AxMn03 structure 
with Pnma space group, there are two nonequivalent oxygen positions, 
apical (Oi) and equatorial (Oz) shown in Figure 1.6, which characterize 
the distortion of MnO6 octahedra in terms of the Mn-0-Mn bond 
angles and Mn-0 bond lengths. The transport properties of 
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manganites can be governed by the structure of MnO6 octahedra [31] 
which can be decided by MnO6 octahedra 
Fig. 1.6 Schematic diagram of Mn06 octahedral with epical (O1) and 
equatorial (02) oxygen positions 
distortions, Q2 mode in basal plane, lattice distortion, its band width 
of charge carriers to move freely, difference between the apical (Oi) 
and equatorial (02) Mn-O bond lengths and Mn-0-Mn bond angles. 
1.3.3 Intrinsic properties exhibited by manganites 
(i) 	Tolerance Factor (t) 
In the ideal ABO3 type perovskite structure (see fig 1.2), the 
ratio between the A-0 and B-0 bond lengths should be equal to '12. In 
reality, the crystal structure of the doped manganites is usually 
distorted due to the difference in size between the rare-earth and 
alkaline-earth cations and due to the Jahn-Teller effect. This 
octahedral tilting type distortion was first examined by Goldschmidt 
[32] in 1926 and the mismatch or degree of distortion between the A-0 
and B-0 bond lengths in ABO3 perovskite can be characterized by 
Goldschmidt's tolerance factor t [33] expressed as- 
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(<r>+ ro) 	d<A—C> 
where <rA>, <ro> and ro are the average A-site, average B-site cation 
and anion ionic radii (purely ionic bonding is assumed) respectively. T 
is basically a geometric parameter that measures the deviation from 
perfect cubic structure. The structure is ideally cubic when t is unity 
with B-O-B bond angle 180°. t<1 or t>1 makes the system strained 
and drives it towards the lower symmetry space group, away from its 
ideal cubic symmetry. Cubic perovskite structure is stabilized for the t 
values between 0.89<t<1.02 [34[, while the structure changes to 
rhombohedral for 0.96<t<1 and orthorhombic for t<0.96 which sets 
the critical limit on <rA> and <re> cationic radii. The perovskite 
structure adjusts to L< 1 by a cooperative rotation of the BO b octahedra 
around a cubic (001) axis as in tetragonal, a cubic [111[ axis as in 
rhombohedral (R-3c), a cubic [110[ axis as in orthorhombic (Pbnm or 
Pnma) or a cubic [101] axis as in orthorhombic (Imma). These 
cooperative rotations bend the B-O-B bond angle from 1800 to 180°-cp. 
The application of hydrostatic pressure has the same influence on the 
physical properties as an increase in the tolerance factor [351, which 
indicates that, the B-O bond is more compressible than the A-O bond 
in the paramagnetic phase. 
(ii) 	Average A - site Cationic Radius (<rA>) 
Average A-site cationic radius, <rA>, can be determined using the 
following formula, 
< r4 > = Elx1ri 	.....................1.2 
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where, r, is the ionic radii of itn cation. The variation of <rA> at A-site 
cation in ABO3 perovskite has a similar effect as an external pressure 
which enhances the B-O-B transfer integral through a change in BO-
B bond angle and a measure of the degree of radial distortion of the 
BOA octahedra [36]. There is a linear relationship found between T„ 
and <rA>, and both of them exhibit inverse correlation with 
Magnetoresistance [12]. A smaller change in <r>, gives rise to the 
structural distortion at B-O-B bond angle up to a large extent and 
hence bending of B-0-B bond angle which in turn tilts the BOe 
octahedra for t<1 and narrowing the eg electron bandwidth affecting 
the electronic transport [37]. In case of manganites A -site cationic 
radius effects the following: 
✓ Distortion of the octahedral cage of MnO6 
✓ Decrease in the Mn-Mn distances 
✓ Reduction in Mn-0-Mn bond angle 
(iii) 	Size variance (0A2) 
This factor, first introduced by L.M. Rodriguez-Martinez and J.P. 
Attfield [38] is related to the ionic mismatch due to the doping of 
divalent alkali and alkaline cations or trivalent rare earth cations at A-
site and is quantified as, 
z - 	z 
where, x, is the fractional occupancies of the different i cations of ri 
radii. Size variance is attributed to the displacements of the oxygen 
atoms due to the A site disorder, as shown by the simple model in 
Figurel.7 [38]. Whereas o provides a measure of the oxygen 
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displacements Q due to A-site cation size disorder and that (rA0-<rA>) 
is the complementary measure of displacements due to <rA> being less 
than the ideal value rAO. The structural disorder creates local oxygen 
displacement resulting into bond angle fluctuations and bond length 
variations leading to carrier localization due to the Jahn-Teller 
distortion of B06 octahedra thereby affecting the electrical transport, 
Tp and Tc in manganites. 
Fig. 1.7. Model for local oxygen displacements in ABO3 perovskites. A 
fragment of ideal cubic structure with A cations of radii r,,° is shown 
schematically in (a) and as spherical ions in (b) Cation size disorder in 
(c) gives rise to random oxygen displacements Q = a and a reduction in 
the A site radius in (d) leads to ordered oxygen displacements Q = rao - 
rA 
The analogous effect of increasing o2 have been extensively 
investigated for Reo.7Ao.3MnO3 [Re = La3+, Pr3', Sm3+, Pm3+ and Nd3} 
and A = Ca, Sr and Ba I at fixed carrier concentration x = 0.3 and <rA> 
which shows the linear reduction in Tp with (02) [39]. 
(iv) Carrier Density 
Doping determines the carrier concentration and sign of the 
charge carriers (i.e. positively charged holes or negatively charged 
electrons) in the Re,-,A.,Mn03 (Re = are Rare earth cation, A = divalent 
or trivalent smaller cation) mixed valence manganites. Carrier density 
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decides the fluctuated valence of the transition metal cations i.e. 
Mn+3/Mn4 in manganites which is responsible for the ferromagnetic 
Zener Double Exchange (ZDE) [24]. At a fixed amount of doping, 
perovskite compounds exhibit very rich phase diagram as a function 
of temperature, magnetic field, external and internal chemical 
pressure, etc. which in turn governs their physical properties. 
(v) Oxygen Stoichiometry 
Oxygen content is an important parameter determining the 
magnetic and transport properties due to its influence on the 
Mn4+/Mn3+ ratio and the Mn-O-Mn bond angles [40-46]. Taking into 
account the valence states of all constituencies, the chemical formula 
of mixed-valence manganites can be written as Rei ±X A2 Mni±Z Mnz+ 03-s 
From equation, a deviation of the oxygen content from the 
stoichiometric value, 8, inevitably changes the concentration of Mn41 
ions, z, to satisfy the neutrality condition. Thus, oxygen deficiency in 
the mixed-valence manganites results in the decrease of hole 
concentration and, consequently, weaker double-exchange interaction, 
lower conductivity, lower magnetization, and the lower Curie 
temperature. 
(vi) Half Metallicity 
The charge transfer in the ferromagnetic manganites is provided 
by spin-polarized electrons. Such ferromagnets having only one type 
of conduction electrons are called half-metallic. This class of materials 
was discovered by de Groot et al.47 in 1983. The half-metallic 
ferromagnets exhibit an energy gap between valence and conduction 
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bands for electrons of one spin direction and continuous bands for the 
electrons of the other spin direction, so that the minority electrons 
(spins antiparallel to magnetization) are semiconducting, whereas the 
majority electrons (spins parallel to magnetization) show metallic 
behavior. As a result, the conduction electrons at the Fermi level are 
100% spin polarized [47]. This unique property distinguishes them 
from usual ferromagnetic metals, in which spins of conduction 
electrons have both directions. Figure 1.8 compares conduction bands 
of a typical ferromagnetic metal (Ni) and half-metallic La2/3Srl/3MnO3 
The wide conduction band of Ni is split into minority and 
majority carrier bands offset by a small exchange energy (-0.6 eV), 
which results in a partial (-1 1%) electron polarization. To the 
contrary, in Lae/3Srl/3MnO3 the narrow majority and minority bands 
are completely separated by large Hund's energy, as well as an 
exchange energy (-2.5 eV), which leads to complete polarization of the 
carriers. Thus, the electronic density of states is completely spin-
polarized at the Fermi level, and the conductivity is provided by spin-
polarized electrons, which makes this class of materials promising for 
spintronics applications. However, it has been observed that the half-
metallic nature of the doped manganites is, still under debate. 
Various experiments such as Spin-resolved tunneling 
experiments [48, 49], spin-resolved photoemission spectroscopy [50], 
Spin-polarized tunneling transport [51], point-contact Andreev 
reflection technique [52] have been performed to understand the spin 
polarization of these materials. 
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Fig. 1.8. Energy level diagram comparing the conduction band of Ni 
with La213Srj1jXn03, (Numerical values are from the literature). 
1.3.4 Phase Diagram and Phase separation in mangnaites 
Mixed valence manganites are known for their exceptionally rich 
phase diagram with different resistive/magnetic as well as structural 
phases. Almost all the degrees of freedom known in solid state 
physics, namely itinerant charges, localized spins, electronic orbital 
and lattice vibrations, are found in these systems. Various ground 
states are possible as a function of doping concentration, x and 
temperature, T. Mixed valence manganites show insulating states 
which can be paramagnetic (PI), ferromagnetic (Fl) as well as anti-
ferromagnetic (AFI). Under certain conditions, in AFI state, electrons 
get localized in particular order in the crystal. This state is named as 
charged ordered insulator (COI). Together with these states metallic 
states also exists i.e. paramagnetic (PM) and ferromagnetic (FM). The 
strangest and most exotic thing about manganites is that even in 
single crystal sample of high chemical purity, different electronic and 
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magnetic property can coexist at different locations in the sample and 
is called as phase separation. This arises because the magnetic, 
electronic and crystal structure strongly interacts with each other in 
manganites. Phase separation in manganites occurs at various length 
scales ranging from sub-nanometres to up to even few microns. The 
stranger thing about manganites is that even a pure phase can be 
electronically inhomogeneous e.g. a ferromagnetic phase can be 
charged ordered at nanoscopic length scale [53]. Thus, manganites are 
intrinsically inhomogeneous because of strong correlations. 
The phase diagrams of Re i -,A,tMnO3 manganites have a 
complex dependence on the doping level, x, that comes from the 
competition between the ferromagnetic double-exchange interaction, 
antiferromagnetic superexchange interaction, charge/orbital-ordering, 
and effects of the Jahn-Teller distortion. There have been a number of 
reports on the phase diagram of manganites, particularly for 
Lai-SrxMnO3 [8,9,54,561, La1-,Ca.,MnO3 [8,57-591, Prl-.,CaxMn03 [60-
62], Pr1-XSrKMnO3 [62-64], Ndi-.,SroMnO3 [64,65], Sml-xSr.,Mn03 [62], 
and Smi-xCa, MnO3[62]. Among these, the two most popular 
compounds of the perovskite family are La l -Ca,MnO3 and 
Lai-.,SrMnO3. With reference to the present work, the phase diagram 
of large bandwidth La1-YSrMnO3 has been discussed in detail. The 
rich and complex phase diagram of Lal-XSrXMnO3 (LSMO), a solid 
solution of LaMnO3 and SrMnO3, has been studied by many groups [8, 
9, 55, 561. The first phase diagram of LSMO was reported as early as 
in 1950 by Jonker and Van Santen [8, 9] and the result was very close 
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to that obtained by Paraskevopoulos et al [58] and by Hemberger et al. 
[561. Paraskevopoulos et al. performed detailed studies of 
susceptibility, magnetization, and magnetoresistance of Lai-XSrXMnO3 
for x<_0.2 and constructed a phase diagram that showed a 
ferromagnetic and insulating ground state for 0.1<_x<_0.15, followed by 
a canted antiferromagnetic phase at higher temperatures. The 
ferromagnetic transition was stated to be strongly coupled to a 
structural transition from a Jahn-Teller distorted phase to a pseudo 
cubic orthorhombic phase and accompanied by the appearance of 
large positive magnetoresistance effects. The observations were 
interpreted by the authors by means of orbital ordering, due to 
interplay between superexchange interaction and Jahn-Teller 
distortion. Figure 1.9 shows the phase diagram of LSMO for the entire 
concentration range (0<x<l) Paraskevopoulos et al. for 0<x<0.3. The 
phase diagram shows a pronounced asymmetry between the hole-
doped (x<0.5) and the electron-doped (x>0.5) regions, originating 
mostly from geometrical constraints via the tolerance factor, which 
increases from 0.89 to 1.01 as x rises from 0 to 1 i.e., buckling of the 
MnO6 octahedral in LSMO decreases with increasing Sr concentration. 
In addition, this asymmetry is driven by the increasing importance of 
orbital degeneracy with increasing concentration. Near x=0, the strong 
Jahn-Teller distortions provide orbital order that determines the 
antiferromagnetic A-type spin structure. For higher doping levels, 
orbital degeneracy plays an important role, yielding completely 
different spin ground states [56]. when x is increased; a ferromagnetic 
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component evolves in addition to the antiferromagnetic order of 
subsequent planes. As the concentration increases to x>0.17, LSMO 
becomes a ferromagnetic metal with a rhombohedral structure and 
exhibits the CMR effect. 
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Fig. 1.9. Phase diagram of La1-„SrXMn03 (LSMO) for the whole 
concentration range. The crystal structures (Jahn-Teller distorted 
orthorhombic, 0'; orthorhombic, 0; orbital-ordered orthorhombic, 0”; 
rhombohedral, R; tetragonal, T; monoclinic, Mc; and hexagonal, H) are 
indicated as well as the magnetic structures (paramagnetic, PM; short-
range order, SR; canted, CA; A-type antiferromagnetic structure, AFM; 
ferromagnetic, FM; phase separated, PS; and AFMC-type structure) and 
the electronic state (insulating, I; metallic, M). 
Near x-0.5, a ferromagnetic metallic phase with a tetragonal 
structure appears which undergoes a transition into a monoclinic 
antiferromagnetic phase with decreasing temperature but still exhibits 
metallic behavior. At x-0.6, a two-dimensional metallic 
antiferromagnetic phase with a monoclinic structure evolves. For 
x>0.75, LSMO is in a purely antiferromagnetic and insulating and has 
a nearly cubic structure. 
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1.3.5 Magnetoresistance in manganites 
Materials are known by their intrinsic and extrinsic properties 
and are classified accordingly for different applications. Manganese 
based oxide materials, known as manganites, possess unique intrinsic 
property of, change in the electrical resistance under the application 
of externally applied magnetic field H, known as magnetoresistance 
(MR) which can be expressed as - 
PO MR% = P'~ 	x 100 
Po 
where pH and po are the resistivities in presence and absence of 
magnetic field H respectively. The value of magnetoresistance (MR) 
may be negative and positive depending on the fall or rise in the 
resistivity with the applied magnetic field. During last five decades, the 
following forms of magneto resistance have been studied having their 
origin in different physical aspects. 
i. Ordinary Magnetoresistance (OMR) 
ii. Anisotropic magnetoresistance (AMR) 
iii. Granular and tunneling magnetoresistance (PMR) 
iv. Giant magnetoresistance (GMR) 
v. Colossal Magnetoresistance (CMR) 
In reference to the present study, Colossal Magnetoresistance is 
discussed briefly in this section- 
Colossal Magnetoresistance (CMR): 
In 1993, a new family of materials having AB03 perovskitc 
structured oxide materials of type (ReiA4)MnO3 (Re = trivalent rare- 
tF: 
earth cation, A = divalent cation) became the center of attention for 
research, after the work of Von Helmolt et al. [66] and Charara et 
al[67] reporting a huge negative magnetoresistance. Simultaneously 
in 1994 S. Jin et al. [15] observed - 100% MR in manganite perovskite 
and the phenomenon is named as "Colossal Magnetoresistance (CMR) 
drawing renewed interest in these materials because the origin of MR 
in manganites is quite different than that observed in other forms of 
MR. CMR effect is an intrinsic property of crystal structure and has its 
origin in the spin disorder of conduction electron, which can be 
suppressed by an application of the magnetic field resulting in large 
magnetoresistance [66-67] . It was known as early as in 1950 that, the 
perovskite compound LaMnOa with the typical structure, shown in 
Figure 1.1 and 1.2 is normally antiferromagnetic state. If between 20% 
and 40% of the Lai+ ions were replaced with divalent ions such as 
Cat, Sr2`, Pb2  or Ba2', the resistance drops dramatically and the 
material appears to become ferromagnetic. The effect of substituting a 
divalent ion for a trivalent ion on the La-site was to force a nearby Mn 
to change from Mn3' to Mn3'. Whenever Mn3' and Mn4` are on 
neighboring Mn-sites, there exists the possibility of conductivity by 
electrons hopping from the Mn3- to Mn4- via the intervening oxygen 
anion (02-). The hopping current should be spin polarized and is 
required for a process of two simultaneous electron hopping (from 
Mn3' onto Oz- and from 02 onto Mn4+, thus interchanging the Mn;' 
and Mn4 j called double exchange (DE) (detailed in Chapter 2). This 
hopping process critically depends on the relative alignment of the 
pL 
neighboring Mn core spins. Consequently, the electrical resistivity is 
extremely sensitive to the external magnetic field, thus giving rise to 
CMR. However, controlling and understanding this effect remains a 
challenge because of competing interactions. 
1.4. Nanostructured manganites 
In the present decade, nanomaterials form an extraordinary 
attention of scientist, worldwide in the material science group. The 
structure on the nanometer scale always sparks the attention because 
of their unique properties. When the particle size or the grain size in 
solid is reduced to nanometer range (1-100nm), important changes 
occur in the electronic band structure as well as in the crystal 
structure consequently, affecting the mechanical, electrical, magnetic, 
optical, thermal properties of materials drastically. These properties 
are linked to the low density of grain boundaries and interfaces that 
result from their nanoscale structure (characteristic length scale 
below 100 nm) [68]. In order to predict the performance of a particular 
device or component based on nanomaterials, it is essential to 
understand the way in which various structure property correlations 
change with particle size in nano systems which requires us to know 
how the grain structure as well as the crystal structure of a material 
varies with a decrease in the particle size. A nanoparticle, on the other 
hand, has predominantly "solid-like" properties. Its size is sufficiently 
larger to talk in terms of a crystal lattice but is still small enough to 
observe significant differences from bulk behavior. The effects 
determined by size, related to the evolution of structural, 
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thermodynamic, electronic, spectroscopic, electromagnetic and 
chemical features of nanomaterials are known as size effects which 
constitute fascinating aspects of these materials. Figure 1.10 shows 
the electronic structures of metal nanocrystals which differ from bulk 
materials to isolated atoms. Figure 1.11 (left) shows an arrangement of 
atoms in cluster of nanoparticles having large strained surface and 
hence large number of dangling bonds at the surface. Figure 1.11 
(right) shows the size dependent average energy level spacing and the 
effective percentage of surface atoms as a function of particle 
diameter. 
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Fig. 1.10 Density of states for metal nanocrystals compared to those 
of bulk and isolated atoms 
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Fig. 1.11 Arrangement of atoms in nanostructured materials having 
the dangling bonds at the large strained surfaces (Left); Variation in 
energy level spacing and percentage of atoms on surface with an 
average particle diameter (Right) 
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It is to know, that at small size, a high percentage of surface 
atoms exist. The structure and properties of nanomaterials differ 
significantly from those of atoms and molecules as well as those of 
bulk materials. Chemistry and physics play an important role in the 
synthesis and characterization of nano building units. Thus in present 
scenario, the immediate objectives of the science and technology of 
nanomaterials are: 
(i) To fully master the synthesis of isolated nanostructures 
(building blocks) and their assemblies with the desired 
properties 
(ii) To explore and establish nanodevice concepts and systems 
architectures 
(iii) To generate new class of high performance materials 
(iv) To connect nanoscience to molecular electronics and 
(v) To improve known tools while discovering better tools of 
investigation of nanostructures. 
In this work, focus is on manganites which are ferromagnet at 
room temperature and at nanoscale show unique magnetic properties. 
These properties make them very appealing both from theoretical and 
technological point of view. The magnetism of nanostructures is 
intermediate between atomic-scale magnetism and bulk material 
magnetism. There are two types of magnetic properties: intrinsic and 
extrinsic. The intrinsic properties include magnetization and 
magnetocrystalline anisotropy, Curie temperature and the extrinsic 
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properties include Coercivity. Both intrinsic and extrinsic properties 
behave differently when the size of the grain reduced to nano scale 
Intrinsic properties correspond to a very fast equilibrium, where as 
equilibrium times of extrinsic properties over a broad range, from 
about one nanosecond in soft magnetic resonance experiments to 
millions of years in magnetic rocks. The reduction of the particles to 
nanoscale thus effects the extrinsic properties more than the intrinsic 
properties. However, the large surface to volume ratio of the particles 
leads to strong diameter dependence of the intrinsic properties such 
as anisotropy and magnetization. They show superparamagnetic 
behavior at high temperatures [69]. Also, in case of manganites, the 
competition between drastically different phases is very important. 
This is a common ingredient of strongly correlated electron systems. 
Phase competition is difficult to avoid. In many materials, this phase 
competition induces stable states where the carriers are not 
homogeneously distributed but form a variety of inhomogeneous 
patterns. It can be argued that, these inhomogeneities are the cause of 
the unusually large MR found in manganites. There is evidence that, 
the large resistivity of the paramagnetic insulating phase in 
manganites is associated with nanoscale inhomogeneities. Manganites 
appear to form "nanoscale phase-separated" states, where two 
competing phases reach to a compromise by forming inhomogeneous 
patterns. The coexistence and competition between different kinds of 
order involving charge, orbital, lattice and spin degrees of freedom 
leads to physical "complexity" as a characteristic of manganites 
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behavior. The tunability of properties can be achieved by changing 
ionic sizes, chemical compositions, doping suitable ions etc. The 
balance between competing phases is often subtle and small changes 
in composition can lead to large changes in the material properties. 
Now days, nano manganites have proven to be a fascinating class in 
biomedical application for treating cancerous cells without destroying 
the healthy cells. The nano-structure of a material specifically 
depends upon the method of synthesis. Fabrication of nanoceramics 
logically starts from nanosized powders, the passage from nanosized 
powders to dense ceramics maintaining the nanometric 
microstructure (-100 nm). The core challenges in the synthesis of 
these materials are: (i) Agglomeration of powders increases with 
decreasing particle size and the size of the agglomerates rather than 
the size of the nanopowders define the characteristic length scales in 
sintering and final microstructure. (ii) Final stage sintering is always 
accompanied by rapid grain growth, which has increasing driving 
force with decreasing grain size, making it difficult to maintain the 
microstructure while improving density. (iii) While there are 
conventional ceramic methods to enhance densification kinetics and 
suppress grain growth; they either depend on additives, which might 
adversely alter the physical properties, or resort to "bruit force" such 
as large applied pressure, which increases the cost and limits the 
process flexibility. Therefore, innovation is required to overcome or 
circumvent these problems in order to achieve efficient fabrication of 
nanoceramics. Here, in this work an attempt is carried to synthesize 
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nanomanganites and studied their different properties at nano and 
bulk scale. 
1.4.1. 	Size Dependent effect of nanostructured manganites 
Manganites possess variety of magnetic and transport 
dependent phases which may or may not possess different carrier 
densities but usually exhibit different structural symmetries leading to 
ferromagnetic, charge ordered/ spin ordered antiferromagnetic etc. 
phases. The phase word refers to a thermodynamic concept where a 
large number of electrons are needed. In other words, the bubbles, 
clusters or stripes, found in the inhomogeneous states, are like small 
nanoscale pieces of bulk. For this reason, the phase separation is the 
terminology often used in reference to states with nano-cluster 
coexistence. In certain manganites, a spectacularly diverse range of 
exotic electronic and magnetic phases can coexist at different 
locations within a single crystal. This striking behavior arises in 
manganites because of their strong magnetic, electronic and crystal 
structure interactions. An early suggestion that, two phase separation 
might govern the colossal magnetoresistive regime was made by 
Gorkov [70]. Monte Carlo simulations of the double exchange model 
with JT coupling also suggested phase segregation of ferromagnetic 
metal from antiferromagnetic insulator regimes. Among the most 
important experimental results that have convincingly shown the 
presence of intrinsic mixed phase tendencies in manganites are those 
reported by Uehara et al. [31 ] in their study of Lass-yPryCa3/8MnO3 
using transport, magnetic and electron microscopy techniques. They 
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demonstrated phase separation in these particular manganites. In 
granular manganites, it is well known and common belief that, the 
core of each grain has the crystalline nature having ferromagnetic 
phase showing metallic behavior and large transfer integral while the 
grain boundary possesses amorphous like nature having 
paramagnetic phase showing insulating like behavior and negligibly 
small transfer integral. At every stage of the paramagnetic to 
ferromagnetic transformation (means from grain boundary to core of 
the grain transformation) a negligible magnetic interaction results 
between well separated ferromagnetic islands without applied 
magnetic field. The magnetization is uniform over the ferromagnetic 
region which abruptly diminishes at the interface with the 
paramagnetic phase. These islands are believed to interact with each 
other when a magnetic field is applied. In presence of an applied 
magnetic field, irregularly arranged spins at the grain boundaries 
become regular and eg itinerant electrons can move from one grain to 
another and transfer integral increases with increase in applied 
magnetic field. This is the origin of the CMR effect and supporting 
evidence to the earlier statement that, the phase separation in 
manganites is the origin of CMR effect (701. Three fundamental 
transport and magnetotransport properties of manganites are affected 
by the nanoscale regime, which are (i) resistivity, (ii) transition 
temperatures, T, and TP, and (iii) magneto resistance (MR). 
In nanostructured manganites, two important factors exist 
namely - 
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i. Grain boundary effect 
ii. Intrinsic and Extrinsic MR components. 
i. Grain Boundary Effect 
Nanocrystalline materials consist of approximately equiaxed 
nanocrystallites (grains) divided by grain boundaries as shown in 
Figure 1.12. Grain boundaries crucially influence the physical 
properties of these materials. In general, the grain boundary effect 
comes into play because of large fraction of atoms of nanocrystalline 
material are located at grain boundaries having different behaviors 
from that that of bulk having similar chemical composition. The 
nanoscale effect occurs because many fundamental processes in 
crystals are associated with length scales around few nanometers. The 
exceptional physical and chemical properties of nanocrystalline 
materials are highly sensitive to their structural stability. A grain 
growth process which destroys the nanocrystalline state is capable of 
causing a dramatic degradation of these properties. The structures of 
nanophase materials on a variety of length scales have an important 
bearing on their chemical and physical properties [71, 72]. They are 
dominated by their ultrafine grain sizes and by the large number of 
interfaces associated with their small grains. However, other 
structural features, such as pores, grain boundary junctions and 
other crystal lattice defects depending upon the manner in which 
these materials are synthesized and processed, also play a significant 
role. It has become increasingly clear during the past several years 
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that all of these structural aspects must be carefully considered in 
trying to fully understand the properties of nanophase materials. 
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Fig. 1.12 NanocrystaIline material showing tentatively equiaxed 
grains (crystallites) of the same phase. Large scale views of typical 
structural elements of nanocrystaIline material. Short grain 
boundaries and their triple junctions are shown in the bottom portion. 
Strains are a natural component of nanophase materials. 
Simply owing to the large number of grain boundaries and the 
concomitant short distances between them, the intrinsic strains 
associated with such interfaces 1731 are always present in these 
nanostructured materials. Beyond these intrinsic strains, however, 
there may also be present extrinsic strains associated with the 
particular synthesis method. In addition to the strain generated 
during the synthesis of nanomaterials, impurities are known to slow 
the grain growth by two mechanisms: first, segregated impurities 
induce a 'solute drag' on the movement of the grain boundaries [74]. 
Second, grain boundary segregation reduces the specific grain 
boundary energy and thereby the driving force for grain growth [75]. 
Grain is the well-known phenomenon of an increase in average grain 
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size during annealing due to grain boundary migration. This 
movement of grain boundaries is due to annealing at a certain 
temperature for some time. The driving force for this growth is the 
reduction in grain boundary area and hence the total grain boundary 
energy of the system. Grain growth is a cooperative process 
simultaneously involving many individual grains of various sizes and 
shapes [76, 77]. Many properties of manganites such as transport, 
magnetotransport, magnetic, structural, etc depend on grain size. 
Therefore, a theoretical understanding of grain size [76] is expected to 
provide further insight into future applications in nanosystems as 
well. 
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Fig. 1.13 (a) and (b) Schematic representations of nanocrystalline 
solids and (c) isolated nanosized particles. Dark and light shaded 
circles symbolize the atoms in the interior of the crystallites and at 
the interfaces respectively. Dashed lines denote the grain boundaries. 
(a) Nanocrystalline solid with a disordered grain boundary component 
(grain boundaryatoms not on lattice sites) and (b) nanocrystalline solid 
where all atoms, including those in the grain boundaries, are located 
on crystal lattice sites 
Figure 1.13 (a) shows the schematic diagram of nanocrystalline 
solids having the disordered grain boundaries wherein the atoms are 
not on lattice sites indicating the non-crystalline nature of the grain 
boundaries. This enhances the non-crystalline portion in the materials 
Q8] 
(specifically in manganites) and hence reduces the XRD peak intensity 
and enhances the FWHM of the XRD peaks. It also reduces the 
transport due to the large fraction of the non-crystalline grain 
boundaries and hence enhances the resistance of the manganites by 
suppressing the transfer integral of itinerant eg electrons from Mn3' 
site to Mn4  site. Figure 1.13 (b) shows the schematic diagram of 
nanocrystalline solids having the disordered grain boundaries wherein 
the atoms are located at lattice sites indicating that, the atoms at the 
interfaces enhance the crystalline nature of the manganite 
nanomaterials along with an obvious crystalline core atoms of the 
grains located at the interior of the grains. This results into the large 
XRD peak intensity, low FWHM values of the XRD peaks, better 
transport and hence reduced resistivity due to the enhanced transfer 
of itinerant charge carriers through the oxygen site from Mn3' site to 
Mn4 . Figure 1.13 (c) shows the representation of isolated nanosized 
particles which may have the grain boundaries, having the size 
analogous to the grain diameter. 
ii. Intrinsic and Extrinsic Magnetoresistance (MR) Components 
In Mixed valence manganites two types of CMR effects are 
observed depending upon the nature of the grain boundaries and 
grain morphology as well as temperature at which MR behavior is 
exhibited. Figure 1.14 describes the types of MR exhibited by CMR 
materials. 
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Intrinsic CMR Effect or Intrinsic MR Component 
This component of MR is exhibited around the insulator to 
metal transition temperature (To) in the vicinity of paramagnetic to 
ferromagnetic transition temperature (Tr). Around the transition 
temperature, MR variation with temperature shows the peak which is 
known as intrinsic MR. The amount of magnetic field required to 
achieve appreciably large intrinsic MR, is generally > 1T (i.e. high 
magnetic field) and hence, it is also known as high field MR (HFMR). 
The cause for the origin of HFMR is magnetic field induced reduction 
in magnetic disorder at Mn-O-Mn bond angles and reduction in 
scattering of charge carriers at the grain boundaries. This can be 
correlated with the spin arrangement of the Mn (eg electrons) in the 
lattice. 
Colossal 
MagnetoResistance 
Spin Polarized Reorientation and stiffness of Tunneling LFMR HFMR the spins and or 	GBS Low Temp. Low Temp. GBS 	connectivity Spin Dependent Extrinsic Extrinsic between the Scattering grains 
HFMR 
Transition Temp. 
Magnetic Filed Induced 
1. Reduction in magnetic disorder at 
Mn•Ohond angles 
2. Reducton in scattering of charge 
carriersat Grain Roundaries 
Fig. 1.I4 Types of magnetoresistance exhibited by CMR materials 
Extrinsic CMR Effect or Extrinsic MR Component 
Extrinsic MR is exhibited at low temperatures wherein the 
variation in MR with temperature shows the highest MR values which 
is known as extrinsic MR. The required magnetic field, to achieve large 
enough extrinsic MR, is generally <_ 1T (i.e. low magnetic field) and 
hence, it is also known as low field MR (LFMR). Two types of 
mechanisms exist: One, MR decreases with increasing temperature 
indicating the cause of extrinsic LFMR as spin polarized tunnelling 
(SPT) because the spin polarization increases with decrease in 
temperature and hence MR is increased with decrease in temperature 
while second, MR is almost independent to the temperature, 
indicating the cause of LFMR at low temperature as the spin 
dependent scattering (SDS). This component of MR is called extrinsic 
MR, because, one can alter the LFMR by changing the external 
parameters like sintering temperature, sintering time, synthesis 
method, sintering environment etc through the modifications in grain 
morphology. If large magnetic field is applied, the HFMR at low 
temperatures is achieved which depends on the reorientation and 
stiffness of the spins at the grain boundaries and the connectivity 
between the neighboring grains. This HFMR only depends on the grain 
boundary nature and hence also known as extrinsic component of MR 
under high magnetic field. Thickness of the grain boundaries, 
magnetic disorder at the grain boundaries, crystalline nature of the 
grain boundaries etc govern the HFMR at low temperature. 
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1.5. Applications of Manganites 
Perovskite manganites have a large potential for applications 
based on their various physical and chemical properties [78-80]. 
These materials have opened vast and exciting possibilities for basic 
condensed matter physics. The delicate interplay between different 
sources of energy, such as the kinetic and electro-static energies of 
the mobile carriers and their coupling to the lattice, and strong 
coupling between spin, charge, and lattice degrees of freedom, leads to 
a wide range of striking physical phenomena. Such interactions can 
be tuned by simply modifying the chemical composition. 
The magnetic field sensitivity of the transport properties, the 
strong metal insulator transition at the Curie temperature, the electric 
field polarizability of the material and its subsequent effect on the 
transport properties, the half metallicity of the electronic bands, low 
field magnetoresistance, well tuned T, in doped perovskites and 
associated electrical and magnetic properties etc., are the properties of 
the rare earth manganites that could be exploited in a variety of 
devices. Based on the properties, there are several possible 
applications of polycrystalline bulk and nanostructured manganites, 
with respect to devices, catalyst etc. which have been explored since 
decades and few of them are described below in brief, followed by the 
new approach of application in biomedical sciences. 
1. 	The Colossal Magneto Resistance (CMR) of manganites is a very 
important feature and is used in many technological applications, 
such as magnetic data storage, Magnetic Tunnel Junction (MTJ), 
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magnetic field sensors; magnetoresistivc read-write heads, and 
Magnetoresistive Random Access Memory (MRAM). A good low field 
magnetoresistive response however, can be obtained in manganite 
samples with a high density of grain boundaries and in tunnel spin 
valve structures. One of the first working devices of this kind was 
constructed by Sun et al. (1996) [811. 
2. The large spin polarization of carriers and consequently large 
TMR ratios, in the mixed valence manganites makes them very 
attractive material for spintronics. Currently, LSMO based magnetic 
tunnel junctions show the best figure of merit among manganite 
based tunnelling structures. However, the TMR ratio of these MTJs 
decays rapidly with temperature, vanishing completely well below L. 
3. The electric field effect has also been observed in manganites. 
Here the top laver can be paramagnetic, such as SrTiO3 [82], or a 
ferroelectric layer, PZT [PbZr0.2Ti0.803), and the bottom layer is a 
CMR material, but the changes are more profound in the case of PZT 
where only S% change in the channel resistance is measured over a 
period of 45 min at room temperature making this material attractive 
for non-volatile ferroelectric field-effect device applications [83, 84]. 
4. The large Temperature Coefficient of Resistance (TCR), 
calculated as (1/R)x(dR/dT)) just below the resistivity peak (To) makes 
these CMR materials interesting for use in bolometric detectors [85-
87]. Typical values of TCR of the manganites are 10-15% over a 
temperature interval of -10K in the vicinity of resistivity peak [87], 
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which is about one order of magnitude larger than that of V02, the 
material commonly used in bolometers. 
5. Since the properties of the CMR materials are quite spectacular 
at reduced temperatures, i.e. below 100 K, so at these low 
temperatures, the combination of high-Tc superconducting (HTSC) 
cuprates thin films and mixed valence CMR manganites could lead to 
Hybrid HTSC-CMR structures[88, 89] for spin polarized quasi-particle 
injection devices and flux focused magnetic transducers [89-91]. 
6. Chemical applications include catalysis such as catalysts for 
automobile exhausts, oxygen sensors and solid electrolytes in fuel 
cells. The catalytic activity is associated with the Mn3+ - Mn4  mixed 
valence and the possibility of forming oxygen vacancies in the solid 
[92, 93]. 
7. Magnetocaloric effect in doped manganites has been reported for 
potentially enabling high temperature and low magnetic field 
refrigerators due to their higher magnetic entropy near T, [94, 951. 
8. Manganites nanocomposites have been deployed for low field 
magnetoresistive (LFMR) devices. For example LSMO + Ti02 
nanocomposite where MR increases significantly at low field at 77K 
and Ti02 does not enter in to LSMO grains so does not alter the LSMO 
phase and stoichiometry with in grain, also Tp shifts towards lower 
temperature as doping increases [96]. 
9. Manganite nano-composite also has an important application in 
wide-band and super-thin electromagnetic absorbers in the frequency 
range of 8-12GHz. In recent years, serious electromagnetic (EM) 
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interference pollution arising from the rapidly expanding business of 
communication devices, such as mobile telephones and radar 
systems, has attracted great interest in exploiting effective EM-wave 
absorption materials with properties of wide frequency range, strong 
absorption, and low density. Especially, for the purpose of the 
microwave absorber used as coating on the exterior surfaces of 
military aircraft and vehicles, Carbonyl Iron P/LSMO composites 
exhibit excellent micro-wave absorption properties in the frequency 
range of 8-12GHz with the thickness of 0.8mm. 
The above discussed applications of cnanganites have been 
explored since decades but in the current scenario of nanoscience and 
nanotechnology, these manganites at present have been explored for 
biomedical applications such as targeted drug delivery, tissue 
engineering for prostheses and implants, magneto resistance imaging 
(MRI), magnetic separation & cell labelling, treatment of cancer i.e. 
Magnetic hyperthermia etc. In the context of the literature survey the 
present work is carried for synthesizing and characterizing doped 
manganite for exploring its applicability in magnetic hyperthermia 
which is explained here in detail - 
1.5.1. 	Treatment of Cancer: Magnetic Hyperthermia 
Cancer is caused by the damage of genes which control the 
growth and division of cells. Cancer can be cured by rectifying the 
damaging mechanism of the genes or by stopping the blood supply to 
the cells or by destroying it. It is a two step process (i) 
Detection/diagonosis and (ii) treatment. Detection/diagnose is 
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possible by confirming the growth of the cells and can be made using 
nanoparticles. After detection treatment is important which should be 
effective, extremely sensitive and acceptable, the conventional 
treatment options of cancer are surgery, radiation therapy and cherno 
therapy. These treatment methods have some limitations: in surgery 
one loses the organ and the cancer may appear again also, the surgery 
is not possible for all types of cases of the cancer, in radiation therapy 
even the healthy cells get burnt, cancerous cells burning is not 
uniform and the burnt part may become dead and non functional, in 
chemotherapy where cancerous cells are killed by drugs can be toxic 
to cells thus treatment is harmful to healthy cells. Often these 
treatment approaches are gross and rarely successful once the cancer 
is in an advanced stage [4].Today, scientists and researchers hope 
that nanotechnology can be used where nanoparticles will circulate 
through the body, detect cancer-associated molecular changes, assist 
with imaging release a therapeutic agent and then monitor the 
effectiveness of the intervention. In this approach, magnetic 
nanoparticles have the potential to treat the cancerous cells and 
tissues and the method is termed as magnetic hyperlhermia. Magnetic 
hyperthermia, as a treatment for cancer was first predicted by 
observations, that several types of cancer cells were more sensitive to 
temperatures in excess of 41°C than their normal counterparts 197, 
98]. Thus, recently research has focused on the injection of magnetic 
fluids or magnetic nanoparticles directly into the tumour body, or into 
an artery supplying blood to the tumour [99]. 
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Magnetic Hyperthermia is the selective (localized) heating of 
tumour cells using magnetic nanoparticles which are targeted and 
attached on to the cancer regions. It typically uses nearly 100 KHz AC 
Magnetic Field to produce local heating of about 41 to 45 °C which if 
continues for 30 minutes preferentially damages tumour cells [991. 
There are three mechanisms by which magnetic nanoparticle losses 
heat (i) Hysteresis loss in ferromagnetic nanoparticles (Tc tuned phase 
transitions), (ii) Neel relaxation in superparamagnetic nanoparticles 
(Rotation of the magnetization vector within the particles) or (iii) 
Frictional Brownian motion loss of the magnetic fluid particles 
(mechanical rotation of the magnetic nanoparticle). 
Principle- 
Any conducting object when placed in an alternating magnetic field 
will have induced currents flowing within them; the amount of current 
is proportional to the size of the conducting objects. As this current 
flow within the conductor, the conductor resists the flow of current 
and thereby heats, process termed as inductive heating. Now if the 
conductor is replaced by magnetic metal (ferromagnetic/ferrimagnetic 
or superparamagnetic) such as Fe, Co, Fe304, LSMO etc. the 
phenomenon is greatly enhanced due to the hysteresis losses, Neel 
relaxation occurring in the material on the application of AC Magnetic 
field [100]. The heat so generated conducts into the immediate 
surrounding tissue whereby, if the temperature can be maintained 
above the therapeutic threshold of 420C for 30 minutes the cancer is 
destroyed. Here the level of heating is controlled by the Curie 
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temperature T, i.e. the temperature above which material loses their 
magnetic properties and thus ability to heat [101]. 
Magnetic Materials in hyperthermia: 
The particles used in hyperthermia exhibit ferro- or ferrimagnetic 
properties which display magnetism even in the absence of an applied 
magnetic field. As per literature the core magnetic nanoparticles 
explored are- Simple oxides (magnetite-Fe304, maghemite yFe2O3), 
Complex oxides (Ferromagnetic spinels Zinc ferrite, NiFe2O4), 
Ferromagnetic composites (SrFe12019/yFe2O3) and Ferromagnetic 
perovskites (doped manganites). 
Measurement of heating power of magnetic nanoparticles is 
quantified as the specific Absorption Rate (SAR) in units of wt/gm and 
describes the amount of energy converted into heat per time and 
mass. Further, the amount of heat generated per unit volume is given 
by multiplying the SAR value by density of particles. 
Advantage of magnetic nanomaterials for magnetic hyperthermia 
• Reduction in the dose of chemotherapy reduces side effects. 
• Malignant cells are more sensitive to the rise in temperature than 
the healthy tissue. 
• It offers a way to ensure that only the intended target tissue is 
heated thus safe for other healthy tissues. 
• Risk of overheating can be stabilized by tuning the Tc of the 
material. 
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• According to Pankhurst, typically a heat deposition rate of 100 
mW/cm3 is required, and the frequency of the field should be in 
the kHz range with amplitude of a few kA/m [ 102]. 
1.6. Motivation for present work 
Magnetic particles ranging from the nanometer to micrometer 
scale are being used in an increasing number of device and medical 
applications. These magnetic nanoparticles (MNP's) proved to be the 
promising candidates in most of the advanced applied research. Their 
application in the field of biomedicine is adventurous. In biomedical 
sciences these MNP's have been explored extensively in targeted drug 
delivery, cell separation, Magnetic resonance imaging and magnetic 
hyperthermia. The important properties of MNP's for medical 
applications are nontoxicity, biocompatibility, injectability, and high 
level accumulation in the target tissue or organ. The application of 
magnetic nanoparticles for hyperthermia requires a controlled heating 
process to destroy the tumour cells keeping healthy cells alive. Thus, 
the important consideration is to choose the magnetic nanoparticle 
with desired properties [ 103] as mentioned below- 
1. Temperature control: Low Curie temperature Tc around 40-500C. 
2. Sufficiently High value of Specific Absorbtion Rate (SAR) 
3. Narrow and steep phase transition at T, (crucial for temperature 
stabilization) 
4. Biomedical requirement such as chemical stability and 
biocompatibility. 
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Some other parameters associated are concentration and size of 
nanoparticle, spatial distribution of the heat sources, as well as the 
amplitude and frequency of the alternating field, which provides 
desirable limited rise in temperature within the tumour region and 
minimum heating in the surrounding healthy tissues. 
In the present work, after going through the literature survey, it 
was found that in the last decade, ferrous or ferric oxide are the main 
constituent of magnetic particles which are attracted to high magnetic 
flux density. This feature is used for drug targeting and bio-separation 
including cell sorting. These ferric oxide nanoparticles specially, 
magnetite Fe104 and maghemite y-Fe203 have also attracted attention 
as contrast agents for resonance imaging (MRI) and heating mediators 
for cancer thermotherapy (hyperthermia). With respect to 
Hyperthermia, though these particles are biocompatible with high 
specific absorption rate (SAR) but the major disadvantage is that these 
materials have high TO (magnetite 5850C and maghemite 477°C) 
resulting into inconveniency, in the control of in vivo temperature 
which results into the local overheating of the healthy tissues. Thus, a 
major challenge in the use of these MNP's for the application of 
hyperthermia treatment is the difficulty in heating the local tumour 
region to the intended temperature without damaging normal tissue to 
approximately 42.5°C to 44°C. For overcoming these issues some 
researchers have proposed the concept of intracellular hyperthermia 
and have developed submieron magnetic particles for inducing it. 
Later, researchers explored metal oxide nanoparticles with controlled 
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T, and performed experiments on these materials and projected TMO's 
nanoparticles to be a preferable approach. 
Literature survey on transition metal perovskites especially 
manganites and its possible application in treating cancers, motivated 
me to choose manganite perovskite LaMnO3 with doping of strontium 
at Lanthanum site followed by Nickel at manganese site. Strontium at 
A site i.e. Lai,xSr.MnO3 was chosen because it is half metallic at room 
temperature (RT) and it shows the ferromagnetic metallic (FMM) 
nature along with the large MR value at RT also Curie temperature is 
well above Room temperature. Nanostructured manganites with large 
grain boundaries (GBs) are known to exhibit pronounced low field MR 
(LFMR) properties. The variation in strontium content reduces the MR 
at both low temperature and high temperature and modifies the grain 
boundary contribution to the electrical transport and 
magnetotransport properties. Further, the magnetic hyperthermia 
application requires controlled doping at manganese site as properties 
depend markedly on the size of dopant and low Curie temperature a 
prerequisite for hyperthermia. Keeping these aspects in mind 
transition metal Nickel was chosen for doping at B site i.e. at 
Manganese site there by changing double exchange, JT distortion, 
correlated electrons and e-phonon coupling within the usual LSMO 
and hence the required reduction in T, can be made thereby precise 
and control heat treatment can be achieved via an external a.c. 
magnetic field while manganite nanoparticles can be administered 
intravenously thereby enabling its capability for self controlled heating 
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by manipulating hysteresis loop and thus can act as a promising 
candidate for magnetic hyperthermia treatment of cancer. 
The objectives thus envisaged to be achieved during the course 
of present work were to synthesize nanostructured manganites using 
chemical routes and characterize them for their suitability in cancer 
treatment as biomedical application. The synthesis and studies on 
polycrystalline mixed valence manganites, synthesized using Sol-Gel 
and solid state methods were planned to understand the structural 
and microstructural dependent properties of the manganite system 
under investigation. In addition, the understanding of the basic 
mechanisms responsible for interesting transport and 
magnetotransport properties of doped manganites was also motivating 
force behind taking up the present research work. 
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Chapter-2 
Theoretical Models 
2 
Theoretical Models 
This Chapter describes the basic physical concepts, mechanism 
and theories that have been utilized to explain various phenomena 
attributed to the experimental results obtained in this work. It 
includes: the PowderX, Reitveld refinement of X-ray data, 
FullProfSuite, charge conduction mechanism, exchange interactions, 
Jahn Teller mechanism and the charge ordering in manganites. 
2.1. Introduction 
The X-Ray diffraction pattern for understanding the structure of 
doped manganites can be analyzed by various ways. In the present 
scenario, number of softwares are available for analyzing the 
crystalline symmetry, phase, lattice orientation, bond length, bond 
angle, unit cell structure, bravis lattice constant etc. depending on the 
required input and formats of the data. Section 2.2 of this chapter 
describes the structural analysis of the X-ray data. Further, the 
conduction mechanism in perovskites is highly dependent on 
temperature and the varying phases of the manganite. Low 
temperature conductivity to high temperature insulating behaviour of 
these materials have been studied since decades. Conducting 
mechanism is explained here in section 2.3 followed by the magnetic 
interaction and distortion phenomenon occurring in these materials in 
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section 2.4 and 2.5 respectively. The complex ordering in manganites 
is explored in section 2.6 
Thus, The main aim of this study is to aid in explaining the 
complex mechanism in various conditions for the present work on 
manganites. 
2.2. Structural Analysis 
In order to understand the properties of the materials and to 
improve them, their structure has to be analyzed deeply. In the single 
crystal diffraction technique, using relatively large crystals of the 
material gives a set of separate data from which the structure can be 
obtained. However, most materials of technical interest cannot grow in 
the form of large crystals, so one has to opt the powder diffraction 
technique using material in the form of very small crystallites. The 
drawback of this conventional powder method is that the data grossly 
overlap, thereby preventing a proper determination of the structure. 
The Rietveld method creates an effective separation of these 
overlapping data, thereby allowing an accurate determination of the 
structure. The method has been so successful that nowadays the 
structure of materials in the form of powders is routinely being 
determined nearly as accurate as the results obtained by single 
crystal diffraction techniques. An even more widely used application of 
the method is in determining the components of chemical mixtures. 
This phase analysis is now routinely used in industries ranging from 
cement factories to the oil industry. The analysis of X-ray data in the 
present work has been carried out using various computer softwares. 
Those used prominently in the present work are PowderX [1] and 
FullProfSuite [2]. These softwares were used to obtain the symmetry, 
space group, unit cell parameters and site occupancies etc. of the 
doped manganite polycrystalline samples with different doping 
concentrations. 
2.2.1. The PowderX 
The PowderX is a freeware program written by Cheng Dong of 
the Institute of Physics at the Chinese Academy of Sciences in Beijing. 
PowderX is basically a Windows-based pattern-processing program 
that operates under all versions of Windows. A sample snap shot of 
the software Graphic User Interface (GUI) with main window(with tool 
bar) and lattice parameter window is shown in Figure 2.1. 
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Fig. 2.1 Software snap shot of X-ray  di fraction pattern analysis using 
PowderX (left is the main window and right is the Lattice parameter 
window) 
PowderX can do data smoothing, background subtraction, Ka2 
elimination, peak search, indexing and plotting. It imports and 
exports data in multiple data formats (including formats used by 
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GSAS and FullProf) including algorithms to correct for specimen 
displacement with zero-angle errors. The program also includes a 
simple pattern calculation algorithm that will generate a calculated 
pattern from input structural data. 
The features of PowderX can be summarized as: 
(i) PowderX can read 13 data formats, from either angular-
dispersive or energy dispersive X-ray diffraction, used in various 
diffractometers made by Mac Science, Philips, Siemens, Rigaku 
etc. It can also write many data formats used for ab-initio 
structural calculation and Rietveld refinements (FULLPROF, 
EXPO, DBWS, GSAS, RIETAN etc.). 
(ii) It displays both the previous data and the data after processing 
so that it becomes very easy to find the effects of the processes 
during smoothening, background subtraction and a2 
elimination. 
(iii) It offers a simple method for parameters input and makes easy 
to use interfaces. 
(iv) It provides various methods of data smoothening, a2 elimination 
and peak search, so that the user can find optimum method for 
his data set. The high-angle side fluctuation is less than 0.5% of 
the peak intensity in our method for Cu-Ka2 elimination, which 
is much better than conventional Rachinger and Ladell method. 
(v) Also, it edits the control file using graphical interfaces for 
pattern fitting programme Simpro. 
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(vi) Several other programmes, d1,k1 (the calculation of diffraction 
angles and crystal plane spacings from the lattice parameters), 
Lazy (generation of the simulated powder X-ray diffraction 
patterns), Treor90 (Index) and Eracel have been included in this 
system with user-friendly interfaces. 
2.2.2. The Rietveld Method 
The Rietveld method is a powerful and relatively new method for 
extracting detailed crystal structure information from X-ray and 
neutron powder diffraction data. The structural details dictate much 
of the physical and chemical attributes of materials, their knowledge 
is very important to understand the properties. Since most materials 
of technological interest are not available as single crystals but often 
are available only in polycrystalline or powder form. Basically, there 
are six factors affecting the relative intensities of the diffraction lines 
on a powder pattern, namely: 
i) Polarization factor 
ii) Structure factor 
iii) Multiplicity factor 
iv) Lorentz factor 
v) Absorption factor and 
vi) Temperature factor 
In 1969 Dr. H. M. Rietveld 13,41 proposed the whole pattern 
fitting method and is called as "Rietveld method" (4) because of his 
work and open-handed sharing of all aspects. He was the first who 
worked out a computer based analytical procedure to make use of the 
full information content of the powder pattern, put it in the public 
domain by publication of two seminal papers and are being shared 
freely and widely his computer program. Since then it is a very 
important technique for the analysis of powder diffraction data and is 
continuously being used in all branches of sciences. 
In the Rietveld method, the least squares refinements are 
carried out until the best fit is obtained between the entire observed 
powder diffraction pattern taken as a whole and the entire calculated 
pattern based on the simultaneously refined models for the crystal 
structure, diffraction optic effects, instrumental factors and other 
specimen characteristics (e.g., lattice parameters) as may be desired 
and can be modelled [5, 6]. The method makes use of the fact that the 
peak shapes of Bragg reflections can be described analytically and the 
variations of their width (FWHM) with the scattering angle 20. 
The parameters refined in the Rietveld method fall into mainly 
three classes: peak-shape function, profile parameters along with 
atomic and structural parameters. The peak shapes observed are 
function of both the sample (e.g. domain size, stress/train, defects) 
and the instrument (e.g. radiation source, geometry, slit sizes) and 
they vary as a function of 20. The profile parameters include the 
lattice parameters and those describing the shape and width of Bragg 
peaks (changes in FWHM and peak asymmetry as a function of 20, 20 
correction, unit cell parameters). In particular, the peak widths are 
smooth function of the scattering angle 20. It uses only five 
parameters (usually called U, V, W, X and Y) to describe the shape of 
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all peaks in powder pattern. The structural parameters describe the 
underlying atomic model include the positions, types and occupancies 
of the atoms in the structural model and isotropic or anisotropic 
thermal parameters. The changes in the positional parameters cause 
changes in structure factor magnitudes and therefore in relative peak 
intensities, whereas atomic displacements (thermal) parameters have 
the effect of emphasizing the high angle region (smaller thermal 
parameters) or de-emphasizing it (larger thermal parameters). The 
scale, the occupancy parameters and the thermal parameters are 
highly correlated with one another and are more sensitive to the 
background correction than are the positional parameters. Thermal 
parameter refinement with neutron data is more reliable and even 
anisotropic refinement is sometimes possible. Occupancy parameters 
are correspondingly difficult to refine and chemical constraints should 
be applied whenever possible [5]. Once the structure is known and a 
suitable starting model is found, the Rietveld method allows the least-
squares refinement [chi-square (x2) minimization] of an atomic model 
(crystal structure parameters) combined with an appropriate peak 
shape function, i.e., a simulated powder pattern, directly against the 
measured powder pattern without extracting structure factor or 
integrated intensities. With a complete structural model and good 
starting values of background contribution, the unit cell parameters 
and the profile parameters, the Rietveld refinement of structural 
parameters can begin. A refinement of structure of medium 
r 	 complexity can require hundred cycles, while structure of high 
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complexity may easily require several hundreds. The progress of a 
refinement can be seen from the resultant profile fit and the values of 
the reliability factors or R-values. The structure should be refined to 
convergence. All parameters (profile and structural) should be refined 
simultaneously to obtain correct estimated standard deviations which 
can be given numerically in terms of reliability factors or R-values (7(. 
For a Rietveld refinement, it is essential that the powder 
diffraction data be collected properly. The data are recorded in 
digitized form i.e., as a numerical intensity value y2, at each of the 
several thousand equal increments (steps) i, in the pattern. Depending 
on the method, the increments can be scattering angle, 20 or 
wavelength (X-ray data collected with an energy dispersive detector 
and an incident beam of 'white' X-radiation). For constant wavelength 
data, the increments are usually steps in the scattering angle and the 
intensity y; at each step i in the pattern is measured directly with a 
quantum detector on a diffractometer. Factors affecting the data 
collection that are taken into consideration before the collection are: 
the geometry of the diffractometer, the quality of the instrument 
alignment and calibration, the most suitable radiation (e.g., 
conventional X-ray, synchrotron X-ray or neutron), the wavelength, 
appropriate sample preparation and thickness, slit sizes and 
necessary counting time. 
Typical step sizes range from 0.01 to 0.05 in 20 for a fixed 
wavelength X-ray data and a bit larger for fixed wavelength neutron 
data. To ensure good counting statistics throughout an X-ray powder 
72 
diffraction pattern, more time should be spent on data collection at 
high angles where the intensities are lower. An appropriate data-
collection strategy depends on the nature of the samples (e.g., how 
well it scatters, how quickly the pattern degrades, peak-broadening 
effects and the degree of peak overlap). ideally the step size = 
FWHM/5 where FWHM = full width at half maximum, as there are at 
least five steps across the top of each peak. The time per step should 
approximately compensated for the gradual decline in intensity with 
20. 
With a complete structure model and good starting values for 
the background contribution, the unit cell parameters and the profile 
parameters, the Rietveld refinement of structural parameters can 
begin. The profile ft is best seen in a plot but can also be followed 
numerically with a reliability factor or R factor. The difference plots 
indicate whether a high R-valuc is due to a profile-parameter problem 
(i.e., total intensity is approximately correct but there are differences 
in the peak form) or to a deficiency in the structural model (i.e., 
integrated intensity does not match). An approximate strategy for 
refinement can be formulated as the following: 
Changes in positional parameters cause changes in structure-
factor magnitudes and therefore in relative peak intensities, 
whereas atomic displacement (thermal) parameters have the 
effect of emphasizing the high-angle region (sinaller thermal 
parameters) or de-emphasizing it (larger thermal parameters). 
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The scale, the occupancy parameters and the thermal parameters 
are highly correlated with each other and are more sensitive to 
the background correction than positional parameters. 
➢ Al! parameters (profile and structural) should be refined 
simultaneously to obtain correct estimated standard deviation. 
R-values 
Although a difference profile plot is probably the best way of following 
and guiding a Rietveld refinement, the fit of the calculated pattern to 
the observed data can also be given numerically. This is usually done 
in terms of agreement indices or R-values. 
The weighted-profile R-value, Rwy, is defined as: 
Rc -~~ w, fy,(d's)—y; (calc)}'I w (y,(obs)}21 z 
......................2.1 
where yi (obs) is the observed intensity at step i, y (case) the calculated 
intensity and w;the weight. From a purely mathematical point of view, 
is the most meaningful of these R's because the numerator is the 
residual being minimized. For the same reason, it is also the one that 
best reflects the progress of the refinement. Ideally, the final R, 
should approach the statistically expected R-value, 
N 	1/2 
Re„„ =[(N — P)/Z ^';Y i (obs)2 J 
. .....................2.2 
where N is the number of observations and Y the number of 
parameters. R,xp reflects the quality of the data (i.e., the counting 
statistics). Thus the ratio between the two is another useful numerical 
X' 
criterion, called the goodness of fit. It is generally given as, g2 and 
expressed as: 
.................... 2.3 
If the data have been `Over-collected', Rip will be very small and x2 for 
a fully refined structure much larger than unity. Conversely, if the 
data have been 'under-collected', Rip will be larger and x2 could be 
less than unity. 
One of the great successes of the Rietveld analysis has been in 
its crucial contributions to the development of the field of high 
temperature superconductors. Diffractionists at the best neutron 
diffraction facilities in 1987-soon after the discovery of first really high 
TT superconductor (T=90 K) at Brookhaven National Laboratory (BNL) 
in the USA; the Rutherford-Appleton Laboratory in the UK and many 
other groups around the world studied larger samples of the 
polycrystalline matrix, performed Rietveld analysis with several 
different starting models and all came to the same conclusion. The 
structure was correctly determined from the powder diffraction data 
whereas the X-ray single crystal results gave errors. 
2.2.3. Fullprof Suite 
It is Rietveld refinement program, which can be used for both X- 
ray and neutron diffraction data. 	It is mainly used for Rietveld 
analysis (structure 	profile 	refinement) of neutron (nuclear 	and 
magnetic scattering) or X-ray powder diffraction data collected as a 
function of the 	scattering variable 	T (20 	or TOF). The program 
FullProfSuite is based on the code of the Young & Wiles (DBW) 
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program on the code DBW3.2S (Versions 8711 and 8804). A smaple 
snapshot of the software GUI of the FuliProf Suite main toolbar with 
program window is shown in Figure 2.2. The WinPLOTR window 
showing intensity Vs 20 plot for LSMO sample synthesized in this 
work is illustrated in Figure 2.3. 
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Fig. 2.2 Snap shot of Software FullprofSuit GUI with main window tool 
bar and Fullprof program running window 
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Fig. 2.3 WinPLOTR window showing intensity vs 29 plot for LSMO 
sample synthesized 
The program can be also used as a Profile Matching tool, without the 
knowledge of structure. Single crystal refinements can also be 
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performed alone or in combination with pow'dcr data The features of 
FullProfSuite can be highlighted as: 
• It provides for the choice of the line shape (Gaussian, Lorentzian, 
modified Lorentzians, pseudo-Voigt, Pearson-VII or Thomson-
Cox-Hastings) for each phase. 
• It can be used for both the neutron (constant wavelength and 
TOF) and X-ray (laboratory and synchrotron sources) data. 
• It has provision for the background refinement. 
• Multiphase structure (upto R phases) can be refined. 
• Absorption correction for a cylinder, microabsorpiion correction 
for flat samples can be made. 
• There is a choice between three weighting schemes: standard 
least squares, maximum likelihood and unit weights. 
• It provides for the choice between automatic generation of hkl 
and/or symmetry operators and file given by user. 
• Magnetic structure refinement (crystallographic and spherical 
representation of the magnetic moments). The first method 
describes the magnetic structure in the crystallographic magnetic 
11 
	
	 unit cell, making use of the propagation vectors. The second 
method is necessary for incommensurate with magnetic 
structures. 
• Automatic generation of reflections 	for 	an incommensurate 
structure with up to 24 propagation 	vectors. Refinement of 
propagation vectors in reciprocal lattice units. 
• h, k, I dependence FWHM for strain and size effects. 
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• h, k, 1 dependence of shift and asymmetry for special kind of 
defects, 
• Profile Matching: The full profile can be fitted without prior 
knowledge of the structure (needs only good starting cell and 
profile parameters). 
• Quantitative analysis without the need of structure factor 
calculations. 
• Resolution function (for pseudo-Voigt peak shape) may be 
supplied in a file. 
• Structural or magnetic model could be supplied by an external 
subroutine for special purposes (rigid body, TLS, polymers, form 
factor refinements, small angle scattering of amphifilic crystals, 
description of incommensurate structures in real direct space 
etc.) 
• Single crystal data or integrated intensities can be used as 
observations (alone or in combination with a powder profile). 
• Neutron (or X-ray) powder patterns can be mixed with integrated 
intensities of X-ray (or neutron) from single crystal or powder 
data. 
The requirement for using the FullProf program is an input rile, 
with the description (in proper format) of the assumed structure such 
as space group, atomic positions, occupancy, unit cell parameters etc. 
The program generates a profile of the assumed structure (or say 
model) using the provided description. This pattern is refined to fit the 
observed data. By varying the profile generating parameters in the 
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assumed model, a perfect fit with reliable Rietveld profile parameters 
is obtained. The programme has the ability to carryout multi-phase 
refinement and also to carryout magnetic structure refinement in the 
case of neutron diffraction data of magnetic samples. 
In the present work, the fitting was carried out on the doped 
samples of manganites with space group R3c. The patterns matched 
very well, giving all reliable parameters. 
2.3. Charge Conduction Mechanism 
Doping of divalent ions like Ca'2, Sr 2 or Ba'2 etc at Ln site in 
LnMnO3 insulator results in to interesting behavior in Lni-xAxMnO3 
(where Ln is a lanthanides and A is a divalent ion) which has been 
explained on the generation of Mn'4 state in the compound with the 
interplay between Mn+3 and Mn+4 due to the electron hopping from 
one site to another leading to electronic transport in them. Doped 
manganites exhibit two types of transitions. One is electrical 
transition from insulator to metal transition (Tp) accompanied with 
magnetic transition from paramagnetic to ferromagnetic transition 
(Tc). At room temperature, most of the manganites are in 
paramagnetic, semiconducting or insulating (PMT) state while with 
decreasing temperature; they show signs of increase in electrical 
resistivity but when cooled below T, insulator-metal (I-M) transition 
occurs in the vicinity of paramagnetic to ferromagnetic transition. In 
the case of half doped manganites x = 1/2 , at low temperature, below 
Tp one can observe an increase in the resistivity along with decrease in 
magnetization at temperature TN known as Neel's temperature. In the 
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T < TN, there is a real space ordering of all Mn3+ and Mn^ ions which 
causes the increment of resistivity and reduction in magnetization in 
this low temperature region. The doped manganites, with doping level 
x = 1/3 demonstrate very interesting behaviour, as we decrease the 
temperature, compound exhibits a transition from high temperature 
PMI state to a low temperature ferromagnetic metallic (FMM) state. 
When magnetic field is applied to the material the resistivity decreases 
sharply particularly in the region of the insulator-metal transition - 
T. The decrease in resistivity can be almost 100% and, hence, the use 
of the term colossal while referring to the magnetoresistance in these 
materials. There are various parameters such as doped compound, 
average ionic radius, size variance, grain morphology%, heat treatment, 
etc. which can directly affect the transport and magnetotransport 
properties. Earlier, the basis for the theoretical understanding of the 
varying resistivities in Mn oxides was usually the concept of the 
double exchange (DE) that considers the exchange of electron between 
neighboring Mn;' and Mn" sites with strong on-side Hunds coupling. 
Perturbative calculations carried out by Millis et al. [8 9] showed that 
DE alone could not explain the experimental data of Mn oxides and 
suggested that a strong Jahn-Teller distortion should be responsible 
for the transport properties. Later on it was suggested that the 
localization effect [10,11[ in the double exchange model based upon 
non-perturbative treatments might be able to account for the novel 
properties of manganites. But, to better understand the resistivity in 
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semiconducting or insulating region, there are several models 
proposed as - 
i. Variable Range Hopping (VRH) Model 
ii. Small Polaron Hopping (SPH) Model 
iii. Zener Double Exchange Polynomial law 
In reference to the current study the model used to fit the 
resitivity data in conducting zone is the Zener double exchange 
polynomial law and is explained as- 
2.3.1. 	Zener-Double Exchange Polynomial Law 
The electron transport mechanism and the cause of resistivity in 
the conducting region have been understood by fitting the resistivity 
data to a general Zener-Double Exchange polynomial law, 
P= Pa+ PzTz +... 	..............................2.4 
where pe is the residual resistivity, p2 is the resistivity contributed by 
an electron-electron and electron-phonon scattering mechanism, n is 
a higher order term (n = 2.5, 3, 4.5 and 7.5) and p„ is the 
corresponding resistivity coefficient [12-18]. In this law, n - 2.5 and 3 
correspond to the one magnon scattering process whereas n = 5, 4.5 
and 7.5 correspond to two magnon scattering phenomena. 
2.4. The Physics of Magnetic Interactions 
Understanding of magnetic interactions is essential to 
understand the variety of phenomena including ferromagnetism, 
antiferromagnetisrn, magnetic long range order etc. Exchange 
interactions are nothing more than electrostatic interactions which in 
turn determines the nature of the magnetic material. The exchange 
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interactions in manganites can be understood, by broadly dividing 
them into following two types of exchanges: one is the direct exchange 
and other is indirect exchange. Direct exchange refers to the 
interaction between neighbouring magnetic ions while indirect 
exchange refers to interaction between non neighbouring magnetic 
ions. Nearest neighbour magnetic ions of Mn2+ is shown in Figure 2.4 
which are connected to 02- ion in MnO crystal structure. On the other 
hand indirect exchange significantly depends on the kind of the 
magnetic material and is again described in terms of superexchange 
and double exchange mechanism. 
Fig.2.4 The crystal structure of MnO. Nearest neighbour pairs of Mn2+ 
(manganese) ions are connected via 02- (oxygen) ions. 
2.4.1. 	Direct Exchange 
The magnetic dipoles in a ferromagnetic material are oriented 
spontaneously so that a net magnetic moment is observed except, as 
one approach to the Curie temperature. The coupling between the 
electron spins which results in this parallelism are not of magnetic 
origin. Such a magnetic dipole-dipole interaction would be too small 
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by a factor of about 103 to explain observed curie temperatures. This 
direct exchange interaction may either be positive or negative and is 
defined by the exchange integral. The magnitude and the sign of the 
integral depend on the ratio D/d, where D is the atomic separation of 
the interacting atoms and d is the diameter of the electron orbit. 
Figure 2.5 shows the Slater-Bethe curve which clearly says that 
D/d<1.5 gives a negative interaction; above this value interaction 
becomes positive and there is maxima at D/d= 1.8 and then 
diminishes to very small but positive values. We must conclude that a 
distinctly different situation occurs in the oxides from that in the 
ferromagnetic metals because of the oxygen ions which separate the 
metal ions with partially filled outer orbitals. That is, the direct 
exchange between metal ions is partially or wholly blotted out by the 
interposing oxygen ions. 
Fe 
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r d 
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Fig. 2.5 Slater-Bethe curve showing the magnitude and sign of 
exchange integral as a function of Did. 
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2.4.2. 	Indirect exchange 
It is the negative interaction between the non neighbouring ions. 
The Two mechanisms by which these interactions may be obtained 
and in which the oxygen ion plays an important role have been 
suggested and are called superexchange and double exchange 
interaction. In the present work on manganites, both effects are 
strongly dependent on the magnetic moments of Mn ions, the overlap 
integral between orbitals of Mn and 0 ions, and the Mn-O-Mn bond 
angle in manganites. Those are termed as: 
2.4.2.1. 	Super-exchange interaction 
As bonding in oxides is mainly ionic, the oxygen ion with a full 
2p shell has an inert gas electronic configuration and its interaction in 
this ground state with metallic ions is small. The supercxchange 
interaction has been proposed for the case in which there is a 
mechanism of excitation from this ground state. The superexchange 
interaction can be understood by considering the following example of 
ferric ions in an oxide. In ground state of these ferric ions the five 3d 
electrons according to Hund's rule are all aligned. The six 2p electrons 
of the oxygen ions from three pairs in which each of the pairs have 
canceling spins. Considering the interaction in excited state and one 
of the p electrons temporarily becomes one of the d electrons of the 
iron ion. The transfer process in which we have one ferric ion on one 
side of the oxygen and another ferric ion on the other side of Oxygen 
the one ferric ion now becomes a ferrous ion. The unpaired electron of 
the oxygen p orbital now can interact in a negative way with the 
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unpaired ferric ion on the other side. A number of ionic solids, 
including some oxides and fluorides, have magnetic ground states. For 
example, MnO and MnF2 arc both antiferromagnets, though this 
observation appears at first sight rather surprising because there is 
no direct overlap between the electrons on Mn2+ ions in each system. 
The exchange interaction is normally very short-ranged so that the 
longer ranged interaction that is operating in this case must be in 
some sense 'super'. The exchange mechanism which is operative here 
is in fact known as super-exchange. 
2.4.2.2. Double exchange interaction 
Most of the early reported theoretical work on manganites was 
focused on the qualitative aspects of the experimentally discovered 
relation between transport and magnetic properties, namely the 
increase in conductivity upon the polarization of the spins. Not much 
work was devoted to the magnitude of the magnetoresistance effect 
itself, The formation of coexisting clusters of competing phases was 
not included in the early considerations. The states of manganites 
were assumed to be uniform and double exchange (DE) was proposed 
by Zener in 1951, in terms of his theory of indirect magnetic exchange 
interaction between adjacent ions of parallel spins through a 
neighbouring oxygen ion[19]. Wherein ferromagnetic interactions are 
favored when the magnetic atoms are fairly well separated and 
conduction electrons are present. This model is more restrictive than 
the superexchange interaction and requires the presence of ions of the 
same element but in different valence states i.e. in manganites 
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presence of Mn3 and Mn" ions. The theory was applied to the 
manganese perovskites with the aim of explaining the strong 
correlation between conductivity and ferromagnetism. Starting from 
the insulating antiferromagnetic LaMnO3 end member where electrons 
are localized on the atomic orbitals, Zener showed how the system 
should gradually become more ferromagnetic upon hole doping 
(introduction of Mn"). He considered the problem of the exchange 
between Mn3- and Mn4 ions via an oxygen ion and introduced the 
concept of simultaneous transfer of an electron from the Mn3 to the 
oxygen and from the oxygen to the neighboring Mn" ion as shown in 
Figure 2.6 (a). The double exchange mechanism seems to be a 
contributing factor to the observed ferromagnetic interactions in these 
manganites and cobaltites. Further, in the case of the strong coupling, 
limited with Jx » t, the inter-sue hopping parameter t of the eg electron 
between neighbouring sites can be roughly evaluated by- 
t=tocos(0/2) 	............................2.5 
where 0 is the relative angle between the neighbouring spins and to is 
the value when 6 = 00 as schematically shown in Figure 2.6 (b). 
Further,below the Curie temperature L, all spins of Mn3  and Mn4 
ions have the same direction for the ferromagnetism as shown in 
Figure 2.6(c). Thus the single eg electron of Moll can hope back and 
forth between Mn3' and Mn°' ions via oxygen 2p states. As a 
consequence, the FM metallic ground state emerges. When 
temperature is increased up to the ideal paramagnetic regime all spins 
are completely disordered dynamically as shown in Figure 2.6(d), 
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which hampers electron hopping, producing the paramagnetic 
insulating (PMI) state. Yet at temperatures near Tc, the spins can be 
easily aligned by an applied magnetic field, more or less enhancing the 
effective electron hopping and thus decreasing the resistivity and as a 
result, the CMR effect emerges. 
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eg 
JH 
t2g 
	
Mn3+ Mn4+ Mn3+ 	 Mn3+ Mn4+ 
(c) below Tc 	 (d) above Tc 
Fig 2.6 (a) Double exchange mechanism showing ferromagnetic coupling 
between Mn3' and Mn4 ions participating in electron transfer via 02. (b) inter-
site hopping parameter (c) Ionic state of Mn ions below TT (d) Ionic state of Mn 
ions above TT 
Therefore, the double exchange can only produce the FM 
interaction of eg electrons in some mixed-valence manganites at low 
temperatures. Based on the strong Hund's coupling and the double 
exchange mechanism, the CMR effect could be qualitatively but not 
quantitatively described. 
2.5. The Jahn Teller Distortion 
The shape of transition metal complexes is determined by the 
tendency of electron pairs to occupy positions as far as possible from 
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each other. In addition, the shape of transition metal complexes is 
affected by whether the d orbitals are symmetrically or asymmetrically 
filled. In a transition metal compound, electrons are localized in a 
partially filled cation shell. High site symmetry at the cation may leave 
the localized electron manifold orbitally degenerate eg and t2g are 2-
and 3-dimensional representations of the d-orbitals of transition 
metals with a FCC-crystal structure in the 48-fold octahedral point 
group Oh where g in the subscript denotes inversion symmetry as 
shown in Figure 2.7. 
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Fig. 2.7 Representation of eg and t2g orbitals of Mn ion 
Repulsion by six ligands in an octahedral complex splits the d 
orbitals on the central metal into t2g and eg levels. Due to this, there is 
repulsion between the d electrons and the ligands. If the d electrons 
are symmetrically arranged, they will repel all six ligands equally but 
if the d electrons are asymmetrically arranged, they will repel some 
ligands in the complex more than others. Thus the structure is 
distorted some ligands are prevented from approaching the metal as 
others. The eg orbitals point directly at the ligands. Thus asymmetrical 
filling of eg orbitals results in some ligands being repelled more than 
others. This causes significant distortion of the octahedron. While t2g 
orbitals do not point directly at the ligands, but point in between the 
ligand directions. Thus distortion caused by asymmetric filling of the 
Leg orbitals is too small to measure. The two eg orbitals dx2-y2 and d~2 
are normally degenerate. However, if they are asymmetrically filled 
then this degeneracy is destroyed, and now these two orbitals are not 
equal in energy. If d? orbital contains one more electron than the d 2-
y2 orbital then ligands approaching along +z and -z will experience 
greater repulsion than the other four ligands. The repulsion and 
distortion result in elongation of the octahedron along z axis. So 
whenever the d~2 and d,2-Y2 orbitals are unequally occupied, distortion 
occurs. This is known as JahnTeller (UT) distortion. The Jahn-Teller 
theorem states that "Any non-linear molecutar system in a 
degenerate electronic state will be unstable, and will undergo 
some sort of distortion to lower its symmetry and remove the 
degeneracy". In present case where we are interested in mixed 
valence manganites, the electronic properties are intimately related to 
the lattice. Many of the interesting phenomena exhibited by them 
involve a complex interplay between the spin, charge and orbital 
degrees of freedom, accompanied with subtle displacements in the 
crystal lattice. In the perovskite manganites Lni.xAMnO3, the Mn3 ion 
has a d4configuration. In octahedral symmetry, the d level splits into 
three t2g and two Cg orbitals. The Mn" ion has high-spin 
configuration, with three electrons occupying the three t23 orbitals and 
one electron occupying the doubly degenerate eg orbitals as t2g3eg '. 
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According to the JT theorem, Mn3+ ion becomes a JT ion and the 
structure get distort, thereby removing the degeneracy of the Cg 
orbitals. In solids, the orbital degree of freedom of the Mn3+ ion often 
shows long range ordering associated with the cooperative JT effect. It 
is observed for the most extensively studied compounds throughout 
the Lni..A.Mn03 series, i.e. LaMnO3, that below a transition 
temperature TAT, the 3d 3x2-r2 and 3y2-r2 orbitals are ordered in the 
ab plane in an alternating fashion as in Figure2.7. Figure 2.8 shows 
the energy band structure affected by the JT effect. 
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Fig. 2.8 Representation of energy band structure affected by Jahn - Teller 
effect 
A quantitative measure of the magnitude of cooperative JT distortion 
is given by the octahedral distortion parameter A defined as 
where <d> and d„ are the mean Mn-O bond length and the six Mn-O 
bond lengths along six different directions, respectively. It is 
interesting to understand that the Mn4 (3d3) ion does not show the JT 
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effect, since a net lowering of the electronic energy cannot be achieved 
with a preservation of the gravity centre for all filled t2g states in 
octahedral geometry. Therefore, a high concentration of Mn3* ions 
tends to promote the distortions of Mn06 octahedra, while the high 
concentration of Mn4 will discourage such distortions. The 
Mn3+/Mn4  ratio can be modified by different doping levels. It has been 
observed that there are two types of distortions associated with the JT 
effect: these are Q2 and Q.  The Qs is a tetragonal distortion which 
results in an elongation or contraction of the Mn06 octahedron 
corresponding to the filled 3z2- r2 orbital or xL- y2 orbital, respectively 
[Figure 2.9 (a) and (b) respectively]. The Q2 is an orthorhombic 
distortion [Figure 2.9 (c)] obtained by a certain superposition of the 
3z2-r2 and x2-y2 orbitals [20,211. 
1 
1 . 
(a) (b) (A) 
Fig. 2.9 (a) and (b) The Qa distortion with oxygen displacements 
corresponding to the filed 3z2-r 3 and x3-yt orbitals, respectively (c) 
The Q2 distortion which stabilizes a certain superposition of 3x2 -ra 
and x2-y2 orbitals 
The oxygen framework is described in Pbnm [space group No. 
621 symmetry by two oxygen positions: the Oi position situated on the 
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mirror plane and attributed to the out-of-plane oxygens; the 02 
position attributed to the in-plane oxygens [see Figure 1.6]. The 
rotations of the octahedra are reflected in the deviation from 1800 of 
the Mn-O-Mn tilting angle. The JT effect in LaMnO3 is dominated by 
the Q2 distortion with alternating long (1) and short (s) Mn-02 bond 
lengths in the ab plane and a medium out of plane Mn-01 (m) bond 
length as shown in Figure 2.10(b). The medium bond length m 
deviates from the average bond length, such that m < (1 + s)/2, 
indicating that the JT distortion is not of a pure Q2 type. A 
contribution of the Qs distortion is also present. 
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Fig. 2.10 (a) The JT distorted perovskite structure (the rotation is not 
indicated). The cubic and orthorhombic unit cells are Indicated by thin and 
thick contours respectively. (b) The ab plane highlighting the alternation of 
the short and long Mn-O distances in a and b directions 
Thus, in manganites, The JT effect naturally couples the 
magnetic, electron orbital and lattice degrees of freedom, thus playing 
significant roles in affecting the orbital degeneracy and governing the 
electronic properties for e.g. charge and orbital ordering, 
ferromagnetism, phase separation, the CMR effect, etc. and therefore 
opens a channel to study the contributory effect in such systems. 
2.6. The Complex Ordering Phenomenon 
The electrons that normally localize on specific atomic sites, 
frequently exhibit cooperative electronic ordering phenomenon due to 
the strong correlation effect, i.e. charge order, orbital order, Lattice 
order and spin order represented pictorially in Figure 2.11. 
Charge 
• Complex tattioe 
Ordering 
Spin 
Fig. 2.11. Complex ordering phenomenon in mixed valence manganites 
These novel quantum collective behaviors are usually 
accompanied by concomitant structural, magnetic and metal-
insulator phase transitions and so forth. Thus they are believed to 
play significant roles in controlling these fascinating physical 
properties in manganite perovskites. 
a) Charge ordering 
The Charge ordering (CO) is a phenomenon observed in the 
doped manganites when cations with different oxidation states are 
located on specific lattice sites, forming a long-range ordered structure 
t 
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[22-24]. This phenomenon arises from interactions between the charge 
carriers and phonons. It takes place at low temperatures, when mobile 
electrons can be localized on certain Mn ions to form a regular lattice 
or long-range order through-out the crystal structure. Charge ordering 
is driven by interatomic Coulomb interactions and most likely occurs 
in the Rel-A.Mn03 compounds when proportions of Mn3+ and Mn4+ 
ions are rational fractions. In a charge-ordered lattice, electrons are 
localized due to the ordering of Mn3  and Mn4+ cations on specific 
lattice sites, as shown in Figure 2.12 a [25]. Thus, charge ordering 
promotes insulating and antiferromagnetic behavior of a material[24]. 
Fig. 2.12 (a) Charge ordering of Mn•3 and Mn'4 in a mixed crystal with x=1/2 
(b) Orbital ordering of the dz2 orbitals of Mn'3 when x=O. (c) Combined charge 
and orbital ordering when x=1/2 
The CO phenomenon represents one of the most interesting 
issues in these materials due to the strong interactions among the 
charge, spin, orbital and lattice degrees of freedom and has been 
studied intensively. 
b) Orbital ordering 
Orbital order can occur at certain carrier concentrations when 
the d electrons occupy an asymmetric orbital. The driving force is 
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partly direct electrostatic repulsion of the charge clouds, but coupled 
Jahn-Teller distortions of adjacent octahedral stabilize the effect. 
Goodenough proposed that this ordering would entail displacements 
of the Mn'4O6 octahedra. In agreement with Goodenough's hypothesis, 
the super structure is characterized by a large J-T distortion of the 
Mn+3Oe octahedra, while the Mn+4Oc octahedra remain almost 
undistorted. Furthermore, orbital ordering occurs by a displacement 
of the Mn+4Oe octahedra mainly along the [001] direction and the 
Mn3+ eg orbitals (3dz2 ) and the associated lattice distortions (long Mn- 
O bonds) also develop long-range order, giving rise to orbital ordering 
(Figure 2.12b.) Figure 2.12 (c) illustrates the coupled charge and 
orbital order [25[. 	Thus, at low temperatures, the rare earth 
manganites are antiferromagnetically ordered (AFM) with CE or A type 
ordering, but only the former occurs in the charge-ordered materials 
where the Cg electrons are localized. The CE-type spin ordering is 
characterized by the ordering of Mn3-and Mn4* ions alternately. 
c) Spin ordering 
The strong coupling of spin, charge, orbital and lattice degrees 
of freedom results in diverse long-range magnetic spin ordering 
phenomena in manganites. Most of them can be well explained based 
on the double-exchange and super-exchange interactions as well as 
the interplay between them. Some frequent spin-order types are 
schematically shown in the Figure 2.13. In manganites the strength of 
spin interactions is strongly dependent on the doping level and 
temperature. At room temperature, Ndi xSi.MnO3 shows the FM state 
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for 0.3 < x < 0.5. When doped further, the compounds show the A-
type AFM state for 0.5 <x < 0.7. When doping level is above 0.7, the 
C-type AFM state appears. Above 77 K, YVO3 shows C-type AFM spin 
order which is followed by a transition to the G-type AFM below 77 K. 
The partially filled 3d level in manganites can display both a localized 
orbital and spin moment, which in general are strongly coupled 
through the super exchange interaction. 
Fig. 2.13- Different types of spin ordering in manganites 
In the case of orbital degeneracy, the coupling concerns not only 
k 
	
	 the spins, but also the orbitals at neighbouring sites. This can be 
described as if the orbitals of two electrons directly overlap, the 
exchange between the two electrons is strong and AFM, otherwise, the 
exchange is weak and FM. The strength of super-exchange interaction 
strongly depends on the angle of the bond of TM ion-intermediate 
ligand-TM ion. For example, the 1800  super exchange concerning two 
3d eg orbitals connected by an oxygen 2p orbital is strongly AFM but 
if the angle gets close to 900, the strength of super-exchange 
interaction decreases largely and at 900, the exchange is much weaker 
and FM. 
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Experimental and Characterization Techniques 
In this chapter various experimental techniques have been 
explored used for the present research work. There are two main 
objectives studied in this chapter: First one is to explore the synthesis 
routes for manganite perovskite sample preparation and second is to 
understand various characterization techniques utilized to investigate 
and evaluate these pervoskites. 
3.1. Introduction 
The synthesis and characterization of high quality material with 
desired properties is utmost important in the experimental condensed 
matter physics and material science. The quality of samples depends to 
a great extent on the synthesis method used. In addition, the proper 
selection of synthesis parameters helps to carry out the desired 
properties in the samples to he characterized along with desired 
potencies. Structure, surface morphology, grain growth, transport of 
electrons within a material and magnetic properties depend on material 
synthesis. The solid samples can be synthesized in variety of particle 
shapes and sizes depending upon their necessities, such as, single 
crystals, amorphous solids, polycrystalline powder, etc. There are 
different methods available for the synthesis of polycrystalline hulk 
101 
materials like solid state reaction route (SSRR) for synthesizing bulk 
manganite samples, sol-gel route, salvo-thermal method, co-
precipitation method, citrate route, nitrate route, micro-emulsion route, 
etc for preparing the nanostructured manganites. For characterization, 
various techniques have been involved depending on the properties and 
analysis of the sample synthesized. Techniques utilized for structural 
analysis of the samples are X-ray Diffraction (XRD), X-ray 
Photoelectron spectroscopy while for microstructural characterization 
Transmission Electron Microscopy (TEM), have been used. Chemical 
analysis was performed using Infrared spectroscopy (FTIR) and 
Thermal-gravimetric analysis (TGA-DTA). For transport studies and 
magneresistance studies, four probe resistivity measurements were 
performed and Vibration sample magnetometer (VSM) is being utilized 
for magnetic property measurements. A brief introduction to various 
synthesis routes and characterization techniques used in manganite 
research is described in the forthcoming sections. 
3.2. Experimental Technique for Material Synthesis 
To synthesize manganite nanoparticles with the desired 
properties required for different applications, various chemical routes 
has been explored such as co-precipitation method, micro-emulsion 
route and sol-gel method and compared with the conventional solid 
state reaction route. Although, we were able to synthesize the material 
but with co-precipitation and micro-emulsion route properties get 
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deviated much in comparison to sol-gel method, also the material 
required is much less and synthesized yield is much larger in 
comparison to other routes. As a consequence, in the present work, the 
bulk materials of different dopant concentration of manganites have 
been synthesized by solid state route and sol-gel method and described 
in the following sections. 
3.2.1. Synthesis of bulk manganite - Solid State Reaction Route 
Solid state reaction route (SSRR) is the most widely used 
method for synthesizing the bulk solids (powders) with direct reaction, 
of a mixture of solids as starting materials. This technique of bulk 
material synthesis is also known as ceramic method and it has 
superiority over other methods such as hydrothermal or co-
precipitation technique due to simple steps of the process involved. 
Solids do not usually react together at room temperature over normal 
time scale so it is necessary to heat them at much higher temperature 
for long time duration for reaction to occur at an appreciable rate. The 
bulk polycrystalline manganite samples studied in chapter 6 were 
synthesized using SSRR method as per the steps shown in Figure 3.1. 
There are two factors, namely thermodynamic and kinetic, which are 
important in solid state reaction, the former determines the possibilities 
of any chemical reaction to occur by the free energy considerations 
which are involved while the later determines the rate at which the 
reaction occurs [1, 2]. The atoms diffuse through the material to form a 
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stable compound of minimum free energy. Different compounds or 
phases might have the lowest free energy at various temperatures or 
pressures or the composition of the gas atmosphere might affect the 
reaction. In order to prepare a single-phase sample, the conditions 
during any reaction are very important. During synthesis, the 
parameters such as temperature, pressure, and time for the reaction 
are needed to be varied according to the phase requirements in the 
sample. The mapping of all variables has to be made to find the 
conditions, which are best for each material and phase. The main steps 
of the solid-state reaction route for synthesizing oxide pervoskites are 
weighing, mixing, grinding, calcination, palletizing and sintering with 
intermediate grinding described under the following steps- 
a) Weighing- To prepare the bulk samples (doped managnites in 
the present work) high purity powders of oxides or carbonates were 
weighed in Stoichiometric amounts using high precision electronic 
weighing machine. 
b) Mixing and Grinding - In the solid state reaction, for the 
reaction to take place homogeneously, it is very important to mix and 
grind the powders thoroughly for long duration using agate mortar with 
iso-propanol to obtain homogeneous distribution of components 
(starting materials) in required proportions of the desired stoichiometric 
compound as the physical uniformity and the chemical homogeneity of 
the mixtures are of significant importance for the good quality samples. 
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Also, thorough grinding reduces the particle size of mixed powder. This 
is necessary for obtaining close contact among the atoms for the 
desired material is formed. 
c) Calcination- The powdered mixture was then heated (calcined) in 
air for the first time. During this process, CO2 is liberated from the 
mixture. 
d) Grinding and Pellitizaing- After the first heating, obtained 
powder was ground thoroughly for three to four hours with a few drops 
of poly vinyl alcohol (PVA), which acts as a binder for the sample and 
the powder was then pelletized by using a rectangular die of 
dimensions 14mm X 4mm X 2mm. A pressure of the order of 6-8 tons 
was used for making the pellets by hydraulic press. 
e) Sintering- The pellets were subsequently sintered at high 
temperature (here sintiring temperature for doped manganites is 
12500C ) for 24 hours with intermittent grindings to obtain single 
phase samples. The sintering process was followed by slow cooling at a 
suitable controlled rate (-5 °C per minute), as it favors the required 
oxygen content in the material. The solid state reaction method has 
proved to be the most suitable for synthesizing reproducible samples of 
CMR manganites. 
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Fig. 3.1 Steps Involved in Solid State Reaction Route for the synthesis 
of polycrystalline manganites 
3.2.2. Synthesis of Nanostructure Manganite-Sol Gel Method 
Nanostructured pervoskites with controlled size shape and 
structure can be synthesized using chemical, physical and biological 
routes. Assembling of metal oxides nanostructure into ordered arrays is 
necessary to make them functional and operational for the fabrication 
of nanostructures and devices with new capabilities. Among the various 
synthesis techniques, chemical methods for the synthesis of 
nanoparticles have become more popular and gained wide acceptance. 
Further, in the chemical methods for synthesizing polycrystalline 
manganites, sol-gel is the cost-effective method, easy to handle and 
106 
yields stoichiomeLric compounds. It offers a variety of starting materials 
as precursors to choose. Sol-Gel is a chemical solution based process 
for synthesizing wide range of materials especially mixed oxides which 
is used due to its advantages of flexible nature, low temperature 
synthesis etc. Sol-gel has become an alternate method to the 
conventional solid state reaction route, allowing more accurate control 
over the phase formation, desired stoichiometry, homogeneity and 
uniformity in particle size with the monodispersive nature of the 
particles. In sol-gel technique, material is obtained from the chemical 
solution via gelation so, it is more controllable technique for 
synthesizing polycrystalline materials. For nanomateri<als synthesis, it 
is necessary to have control over grain size and also on the phase 
formation at much lower temperature which can be achieved by using 
such chemical methods. Another advantage, unlike the solid state 
reaction route, sol-gel processing does not require any grinding 
procedures to achieve homogeneous single phasic ceramics, thereby 
avoiding a potential source of contamination. This, along with the 
purity of the precursors, makes the sol-gel process an excellent method 
for making high purity materials. Figure 3.2 depicts the schematic 
steps involved in the synthesis of crystalline oxides using sol—gel 
method. in sot-gel, the precursors are mixed in solvent and through 
hydrolysis and condensation reactions connect them with each other to 
form a sol. The intimate mixing of the elements in gel form, results in 
very short diffusion and thereby allows formation of the target material 
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to occur at considerably lower temperatures as compared to in 
conventional chemical routes. 
Fig.3.2 Schematic steps used in Sol-Gel synthesis 
Sol-gel makes it possible to obtain low temperature modifications 
or metastable phases and provides good control over the stoichiometry 
in processing of manganites. Further, crystallization and sintering may 
occur from temperatures of around 300°C. But the reactions during 
heating, and temperatures required depend on the organic and 
hvdroxvl content of the gel and on the nature of its metal ions. A 
standard course during heating up at hot plate - 80°C physically 
adsorbs water and the solvent is evaporated. Condensation reactions of 
hydroxyls to liberate water may continue upto - 500°C. Decomposition 
and/or combustion of organic residues usually occur between -200 
and 450°C. If the gel contains large basic ions such as Sr2 or La3', 
these ions may form carbonates by absorption of carbon dioxide from 
combustion products or from the air. These carbonates may need 
temperatures of -750°C or more to decompose. It is observed that 
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certain physical properties of nanostructured manganites are sensitive 
to this method of synthesis. Sintering of particulate compacts without 
the intentional addition of low melting dopants; however, low melting 
phases may be present due to impurities. In the course of sintering, the 
microstructure evolves as follows at an intermediate stage, the pores 
are arranged at the grain boundaries. On further sintering, small pores 
remaining at the boundaries "dissolve" via the vacancy migration along 
grain boundaries toward the larger pores or the free surface. 
Simultaneously, the normal grain growth develops as the drag force 
exerted by the pores vanishes gradually. Normal grain growth can be 
inhibited by solute drag, due to grain boundary segregation reducing 
the grain boundary energy and mobility. In some cases, abnormal grain 
growth commences during sintering. A decreased drag force resulting 
from an accelerated "dissolution" of pores at the boundaries with a 
liquid phase layer can trigger abnormal grain growth. Due to an 
increased grain size in the matrix, the abnormal grain growth is usually 
incomplete, which results a duplex grain size after firing. In the 
absence of abnormal grain growth, microstructure is relatively fine-
grained and homogeneous. The microstructure of multiphase sintered 
products is always fine-grained due to inhibition of abnormal grain 
growth. Finally, as an effect of lower sintering (sufficient in sol-gel 
technique) on the nanostructured manganite properties, the grain size 
reduces with increasing grain boundary density resulting into the 
better (enhanced) surface influence. This can engineer the transport, 
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magnetotransport and magnetic properties in the manganites. Figure 
3.3 shows the typical flow chart of sol-gel synthesis method used in the 
synthesis of manganites in chapter 4 and 5. 
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Fig. 3.3 Typical flow chart of Sol-Gel method 
3.3. Characterization Techniques for Manganites 
The development of materials, processes and advanced devices 
for various applications requires a huge effort in the field of the 
characterization techniques. Various experimental techniques have 
been utilized to characterize structural, electrical and magnetic 
properties of the samples. All the manganites samples in this work are 
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usually characterized using XRD, XPS, FTIR, TGA/DSC, TEM, four 
probe resistivity, magnetoresistance measurements and magnetic 
properties using VSM. 
3.3.1. Structure, Thermal and Chemical Characterization 
Techniques 
3.3.1.1. X-ray Diffraction (XRD) 
X-ray diffraction (XRD) technique is a non-destructive analytical 
technique which reveal information about the crystallographic 
structure, chemical composition and physical properties of materials. It 
provides a fast and reliable technique for routine phase identification. 
XRD is particularly useful for identifying fine-grained particles and 
mixtures or intergrowths of particles that may not lend themselves to 
analysis by other techniques. XRD can provide additional information 
beyond basic identification. If the sample is a mixture, XRD data can be 
analyzed to determine the proportion of the different 
compound/element present. Other information obtained can include 
the degree of crystallinity [3] of the minerals present, possible 
deviations of the materials from their ideal compositions (i.e. presence 
of other elements) and the structural state of the materials. This 
technique is best suitable for powder samples and can yield the 
information regarding the crystallinity of the material, nature of the 
phase present, lattice parameter, grain size and out of plane 
orientation. The technique is based on observing the scattered intensity 
of an X-ray (in the form of electromagnetic radiation) beam hitting a 
sample as a function of incident and scattered angles, polarization and 
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wavelength or energy. X-rays are electromagnetic radiation of exactly 
the same nature as light, but very much shorter wavelength. The unit 
of measurement in the X-ray region is the angstrom (A) and X-rays 
used in diffraction have wavelengths lying in the range of 0.5-2.5 A 
whereas visible light is of the order of 6000A. X-rays are produced 
when any electrically charged particle of sufficient kinetic energy 
decelerates. Electrons are usually used for this purpose, the radiation 
being produced in an X-ray tube which contains a source of electrons 
and two metal electrodes. The high voltage maintained across these 
electrodes draws the electrons to the anode, or target, and they strike 
with high velocity. X-rays are produced at the point of impact and 
radiate in all directions. Most of the kinetic energy of the electrons, 
striking to the target, is converted into heat, less than 1% being 
transformed into X-rays and these X-rays are energetic enough to 
penetrate into the material and their wavelengths are of the same order 
of magnitude as interatomic distances in crystalline materials. These 
waves forms and interference pattern based on specific combination of 
angle of incidence, wavelength and interplaner spacing. Figure 3.4 
illustrates the interference (constructive) between waves scattering from 
two adjacent rows of atoms in a crystal. 
The interference occurs between the beams reflecting from 
different rows of atoms in the crystal. It can be explained clearly from 
Bragg's equation that a collimated beam of x-rays is diffracted by the 
crystalline phases in the sample when 
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nA = 2dsin6, with X < 2d 	 ................3.1 
where A is the wavelength of the X-rays, d is the interplanar spacing for 
a family of planes; n is the order of the diffraction and 0 the incoming 
diffraction angle. The above relation shows that the diffraction effects 
cannot be observed from a family of planes for any arbitrary angle of 
incidence. Even if monochromatic X-rays are used, the match among d, 
0 and A has to be sought to satisfy the above relation and get the 
diffraction, i.e. when X-rays are scattered from a crystal lattice, peaks 
of scattered intensity are observed only when the following conditions 
are matched- 
i. The angle of incidence is equal to the angle of scattering 
ii. The path length difference is equal to an integer number of 
wavelengths 
L~cYdc'~~t 
Ylaue wave 
e 
d sin 0 
• • • • • • 
• • • • • • 
Fig. 3.4 Schematic representation of diffraction of X-rays by 
crystallographic plane (Bragg's Law) 
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It is obvious that Bragg diffraction is very different from ordinary 
diffraction, which generally puts no restriction on the incident angle. 
The condition for maximum intensity contained in Bragg s taw, allow us 
to calculate details about the crystal structure. 
• Diffraction Techniques 
There are various techniques, which are used to x-ray diffraction 
patterns. The three main techniques are (i) the Laue method (ii} the 
Rotating crystal method and (iii) the Debyc-Scherrer method. Debye-
Scherrer method is also known as the powder x-ray diffraction method. 
It is fast and very accurate for the determination of lattice constants. In 
view of this Debye-Scherrer method has been described. 
The Powder diffraction method (Debye-Scherrer Method) 
Powder diffraction (XRD) is a technique used to characterize the 
crystallographic structure, crystallite size and preferred orientation in 
polycrystalline or powdered samples. Powder diffraction is commonly 
used to identify unknown substances by comparing diffraction data 
against a database maintained by the International Centre for 
Diffraction Data (ICDD). X-ray diffraction may also be used to 
characterize heterogeneous solid mixtures to determine relative 
abundance of crystalline compounds and when coupled with lattice 
refinement techniques, such as Rietvcld refinement [4], can provide 
structural information of unknown materials. Powder diffraction is also 
a common method for determining strains in crystalline materials. An 
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effect of the finite crystallite sizes are seen as a broadening of the peaks 
in an X-ray diffraction pattern as explained by the Scherrer equation. 
In this method, each grain of the sample has a random orientation; 
therefore, this method is equivalent to the rotating crystal method in 
which the sample is rotated over all possible orientations. Each 
reciprocal lattice point will generate a sphere of radius equal to the 
magnitude of the reciprocal lattice vector. if this spherical shell of 
reciprocal lattice vectors intersects with the Ewald sphere, it produces 
Bragg reflections. Each lattice vector of length less than 2k will produce 
a cone of Bragg reflections, with an angle 0 relative to the un-scattered 
beam. The magnitude of the reciprocal lattice vector is given by 
Q=2ksin(0/2). Thus, a measurement of 0 will give the lengths of the 
smallest reciprocal lattice vectors. Another important use of this 
method is in the study of phase diagrams of alloys systems. Since 
lattice constant is unique for a material, this method is widely used for 
the identification of materials. Further, it is the only method which 
works for all crystalline materials. The diffraction pattern can be used 
to determine the reciprocal lattice vectors and hence the Bravais lattice 
associated with the crystal. In order to completely determine the crystal 
structure, one must determine the basis. This can he done by 
examining the structure and form factors. Knowing the values of 0 and 
A, interplaner spacing can be calculated. The schematic view of XRD is 
shown in Figure 3.5. The XRD can be taken in various modes such as 
0-20 scan mode, 0-20 rocking curve, and 0 scan. In the 0-20 scan mode, 
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a monochromatic beam of X-ray is incident on the sample at an angle 
of 0 with the sample surface. The detector motion is coupled with the X-
ray source in such a way that it always makes an angle 26 with the 
incident direction of the X-ray beam. 
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Fig. 3.5 Schematic representation of X-ray diffractometer 
The resulting spectrum is a plot between the intensity recorded 
by the detector and 26. The crystalline quality of the oriented samples 
can be estimated by using it in rocking curve mode wherein a single 
Bragg peak is measured as the sample is tilted within the diffraction 
plane. In this arrangement the position of the detector is kept fixed at 
20 value corresponding to a particular d value and the sample is rocked 
around the 0 value. The resulting spectrum is a plot between the 
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intensity and 0. The full width at half maximum (FWHM) of the plot 
estimates the misorientation of the grains in the sample with respect to 
the sample normal. The in-plane orientation of the film is determined 
by using XRD in ¢ scan mode. In this mode, the sample is rotated 
about the surface normal from 00  to 3600  while keeping 0, 20 and 7, 
fixed where Bragg condition is satisfied. Here X.  is the angle between 
planes (hi k i 11) (which is different from the oriented direction (h k 1) of 
the film and is in the horizontal direction to face the x-ray beam) and (h 
k I). If the crystal has n fold symmetry, it will satisfy the Bragg's 
condition n times during the 0' to 360° rotation about the surface 
normal and hence it peaks are observed during the 6 scan with peaks 
separated at angle of (360/n)°. In the present work, the XRD pattern for 
the bulk micro and nano Ni doped LaMnO3 and LaSrMnO3 were 
recorded at Center for Excellence in Materials Science (Nanomaterials), 
Department of Applied Physics, Aligarh Muslim University (AMU), 
Aligarh, using Rigaku Miniflex as shown in Fig. 3.6 (a) and National 
Physical Laboratory (NPL), New Delhi using D8 Advanced Bruker 
diffractometer as shown in Fig. 3.6 (b). 
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(a) 	 (b) 
Fig. 3.6 (a) Rigaku Minifiex II (b) D8 Advace Bruker, for X-ray 
diffraction pattern 
In both the cases, Cu-Ku radiation (A,=1.541838A) has been used 
at room temperature by taking 0.020 step size. The cathode was 
maintained at 30 kV. Diffraction patterns were recorded in the range 
200 - 800. 
3.3.1.2. X-ray Photoemission Spectroscopy (XPS) 
X-ray Photoelectron Spectroscopy (XPS), also known as Electron 
Spectroscopy for Chemical Analysis (ESCA), is used to probe the 
chemical elements present at a surface of electrically conducting and 
non-conducting samples, qualitatively and quantitaively. It is a surface 
analysis technique with a sampling volume that extends from the 
surface to a depth of approximately 50-70 Angstroms with a spatial 
resolution between 3 to a few hundred micrometer. Chemical bonding 
between atoms can be determined from the energy shift of 
photoelectron lines in an XPS spectrum. The sampling depth with this 
technique is typically 0.5-5 nm and the detection limit is about 0.1 
atomic percent. This elemental analysis technique is unique in 
providing chemical state or charge state information of the detected 
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elements, such as distinguishing between Ni 2 and Ni 3* states in 
present work. 
X-ray photoelectron spectroscopy (XPS) operates under ultra-
high-vacuum. When soft X-rays irradiate a sample surface, electrons 
will be ejected from valence and core levels of both surface and near 
surface atoms [5]. The kinetic energies of ejected photoelectrons are not 
only characteristic of the atoms from which they are emitted, but can 
also provide information on the chemical states of those atoms. Figure 
3.7 shows the basic process involved in XPS. It was found that during 
irradiation, electrons are only emitted from surface atoms when the 
energy of the X-rays is greater than a critical energy known as the 
surface work function, which is the energy required to excite an 
electron from its valence orbital to the continuum. 
Kinetic 
energy 
Valence 	 Binding 
band energy 
S. 	 I Photoeleotoo 
Incident ~~-
X-ray 
Fig. 3.7 The mechanism of photoelectron emission to X-ray 
Photoelectron Spectroscopy. 
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For electrons emitted from lower lying orbitals, the binding 
energy of the electron also has to be overcome, reducing the kinetic 
energy of the emitted electron further [6]. 
Therefore, the kinetic energy of an ejected electron will be equal 
to the energy of the incident X-rays minus the work function, minus 
the binding energy of the electron. In XPS, the kinetic energy of ejected 
photoelectrons is measured by an analyzer. The recorded kinetic energy 
is translated into a binding energy for the specific atomic orbital of an 
electron. Since each element has a unique set of energy levels, each 
element also has a unique set of binding energies for electrons present 
in these levels. 
The binding energy is described by the following equation: 
Ee=hU - W - EK 	................ 3.2 
Where, Es is the electron binding (energy/eV); h is the Planck's 
constant (eV.$); u refers to the frequency of incident X-rays (s-1); EK is 
the kinetic energy of electron in eV and cp is the surface work function 
(eV). For a given element, slight variations in the location of 
corresponding photoelectron peaks result from small shifts in core 
energy levels, related to the oxidation state and bonding of the atoms. 
These peak variations are typically on the order of 1-5 eV, and can be 
detected by most XPS spectrometers if having energy resolutions of 0. 1-
0.2 eV. XPS photoelectron peaks are named after the core level from 
which the electron has been emitted. For example, an electron from the 
iron 2p orbital gives a Fe 2p peak. lonisation of an s orbital leaves only 
120 
a single energy ionic state, while p, d and f orbitals create two states of 
different energies, which appear in the spectra as two photoelectron 
peaks of different intensities. The XPS technique analyses only the 
outer 1-10 nm of a sample because emitted photoelectrons lose kinetic 
energy as they travel through the sample. Only photoelectrons 
generated in the outermost layers of the sample have a short enough 
escape path to reach the detector. 
In the present work, XPS facility at IUC, Indore which has 
PHOIBOS HSA3500 100, MCD-5 from Specs analyzer with medium 
magnification lens in a fixed analyzing transmission scan mode is used 
for analyzing the Ni charge state as shown in Figure 3.8. In this, 
photoelectrons generated by Al-Ka X-ray sources operating at 400 W 
(15 KV) having initial kinetic energies of up to 1486.61 eV, ensured an 
average depth for electron escape of -1-10 nm. High resolution scans 
were acquired with 30eV pass energy and 200 ms dwell times. 
Fig 3.8 Xray PhotoSpectrocopy setup at IUC Indore 
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3.3.1.3. 	Transmission Electron Microscopy (TEM) 
Transmission electron microscopy (TEM) has been used to 
study the grain shape, size, and distribution of particles at nanoscale 
[7]. Figure 3.9 shows the schematic diagram of a typical high resolution 
transmission electron microscopy (HR-TEM)[8]. 
U 
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Fig. 3.9 Schematics of Transmission Electron Microscope. 
In TEM, a thin solid specimen (< 200 nm) is bombarded in 
vacuum with a highly focused, monoenergetic beam of electrons. The 
high resolution results from the smaller de Broglie wavelength 
associated with high-energy electron beam and its ability to focus the 
electron beam. For example, electrons having energy of 100 keV 
corresponds to a de Broglie wavelength of 3.7x10 3 nm. Generally, TEM 
operates with the electron beams having energy in the range of 20-200 
KeV. The spatial resolution is large for higher energy electron beam. 
The beam has sufficiently high energy to propagate through the 
specimen. The transmitted electron signals are magnified by a series of 
electromagnetic lenses [7]. TEM offers two modes to study a desired 
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specimen i.e. image and diffraction. The image mode contrast must be 
induced in order to produce image for analysis. Many contrast-forming 
mechanisms exist and the interpretation of images is complicated due 
to the interplay of the different mechanisms. The most common 
imaging techniques in TEM are mass-thickness imaging, diffraction 
imaging and phase contrast imaging. In the diffraction mode, the 
pattern of the diffracted electrons is obtained from the electron-
illuminated sample. When the electron beam is incident on the sample, 
scattering events occur since all the illuminated parts of the sample act 
as scattering sources. Interference causes coherently scattered beams 
when Bragg's law is fulfilled. The coherently scattered beams are 
recorded as a "spot". This spot pattern of the diffracted electron beam 
from the selected sample area is called the selected area electron 
diffraction (SAED) pattern. It provides the information about the 
crystalline and crystal orientation. A key requirement for TEM samples 
is the electron transparency, as a thick sample would cause too many 
interactions leaving no intensity in the transmitted beam. A thick 
sample also increases the risk that an electron is scattered on multiple 
occasions and the resulting image would be difficult to interpret. In the 
present work, TEM samples have been prepared by dispersing powder 
sample in iso-propanul using sonification in a ultra sonication bath (20 
kHz, 500 W) for half an hour. One drop of the well-dispersed sample 
solution is deposited on to a carbon coated copper grid (400 mesh). The 
dried grid was used for microscopy. 
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In the present study, TEM has been used to analyze shape, size 
and particle size distribution of doped nanomanganites (Chapter 4 and 
5). The TEM measurements have been done using JEOL model JEM-
200CX instrument shown in Figure 3.10, operating at an accelerating 
voltage 80 kV at NPL, Newdelhi. 
Fig. 3.10 JEOL model JEM-200CX 
3.3.1.4. 	Thermal Analysis 
Thermal analysis comprises of different techniques in which a 
physical sample property is measured as a function of temperature, 
while the sample is subjected to a predefined heating or cooling 
programme. In general, to elucidate the material properties thermal 
analysis have been reported in various forms such as: 
Thermogravimetric analysis (TGA), Differential Scanning Calorimetry 
(DSC), Differential Thermal Analysis (DTA), Thermo Mechanical 
Analyzer (TMA), and Dynamic Mechanical Analyzer (DMA) but in the 
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current work for understanding the occurrences of chemical change 
thereby formation of perovskite phase we have analysed the sample 
synthesized by solgel route using TGA and DSC technique. 
3.3.1.4.1 Thermogravimetric Analysis (TGA) 
TGA (Thermogravimetric Analysis) decomposition of organic 
materials and knowledge of eventual residue content is an important 
tool in product design and performance. Changes in decomposition 
temperature due to fillers or additives could be critical for the 
evaluation of new product candidates. High-resolution TGA allows the 
precise determination of decomposition temperatures and accurate 
quantification of residues after decomposition. TGA measures the 
amount and rate of change in the weight of a material as a function of 
temperature or time in a controlled atmosphere. Measurements are 
used primarily to determine the composition of materials and to predict 
their thermal stability at temperatures up to 1000°C. The technique 
can characterize materials that exhibit weight loss or gain due to 
decomposition, oxidation, or dehydration. It can determine the 
composition of multi component systems, thermal stability of materials, 
oxidative stability of materials, estimated lifetime of a product, and 
decomposition kinetics of materials, the effect of reactive or corrosive 
atmospheres on materials, moisture and volatiles content of materials. 
As the analysis is performed on samples that determines changes 
in weight in relation to a temperature program in a controlled 
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atmosphere and such analysis relies on a high degree of precision in 
three measurements: weight, temperature, and temperature change. A 
derivative weight loss curve can identify the point where weight loss is 
most apparent. Again, interpretation is limited without further 
modifications and deconvolution of the overlapping peaks may be 
required. 
The Principle, Methodology and Analysis of TGA 
The principal behind TGA is the act of heating a mixture to a high 
enough temperature so that one of the components decomposes into a 
gas, which dissociates into the air. It is a process that utilizes heat and 
stoichiometry- ratios to determine the percent by mass ratio of a solute. 
If the compounds in the mixture that remain are known, then the 
percentage by mass can be determined by taking the weight of what is 
left in the mixture and dividing it by the initial mass. Knowing the mass 
of the original mixture and the total mass of impurities liberating upon 
heating, the stoichiometric ratio can be used to calculate the percent 
mass of the substance in a sample. 
Further, for TGA, determination of absorbed, bound or occluded 
moisture and organic volatiles is important and simultaneously, 
knowledge of the kinetics of phase changes, conversions or 
decompositions is an important for assessing physical stability with 
temperature. Elucidation of conversion mechanisms is possible using 
the activation energy of the event. Modulated TGA provides not only the 
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weight loss during the transition but also the associated activation 
energies in a single experiment. Thus, TGA provides information about 
phase-transition, crystallisation, PE/PP relations, melting point, glass 
transition, melting range, heat of fusion, oxygen induction time, 
thermal stability, purity> 98% , amount of organic additives 
decomposition temperature, moisture content, rubber vulcanization 
etc. Several modern TGA devices can vent burn off to an infrared 
spectrophotometer to analyze composition [9]. 
TGA has limitations to the reactions where mass change should 
have occurred. To overcome this, a similar techniques known as 
Differential Scanning Calorimetry (DSC) is deployed and have much 
wider applications than TGA and is described below. 
3.3.1.4.2. Differential Scanning Calorimetry (DSC) 
Differential Scanning Calorimetry (DSC) is a thermo analytical 
experimental technique which measures the differences in heat flow 
arise when a sample absorbs or releases heat due to thermal effects 
such as melting, crystallization, chemical reactions, polymorphic 
transitions, vaporization and many other processes. Specific heat 
capacities and changes in heat capacity, for example during a glass 
transition, can also be determined from the difference in heat flow. The 
technique was developed by E.S. Watson and M.J. O'Neill in 1962 
[10], and introduced commercially at the 1963 Pittsburgh Conference 
on Analytical Chemistry and Applied Spectroscopy. The basic principle 
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underlying this technique is that when the sample undergoes a 
physical transformation such as phase transitions, more or less heat 
will need to flow to it, than the reference, to maintain both at the same 
temperature. Whether less or more heat must flow to the sample 
depends on whether the process is exothermic or endothermic. 
Measurement principle of DSC is that it measures the difference 
between the heat flows from the test substance S (and/or its reaction 
products) and an inert reference material R, while the two 
samples are subjected to an identical (heating, cooling or 
constant) temperature programme. Both the sample and reference are 
maintained at nearly the same temperature throughout the experiment. 
Generally, the temperature program for a DSC analysis is designed 
such that the sample holder temperature increases linearly as a 
function of time. The reference sample should have a well-defined heat 
capacity over the range of temperatures to be scanned. 
Thermogravimetrical (TG) measurements of the as prepared 
LSMO sample (synthesized by Sol-Gel route) were performed using 
Mettler Toledo as shown in Figure 3.11 using stare program whereby, 
simultaneous TGA/DSC measurements were made i.e. both heat flow 
and weight changes (TGA) in a material as a function of temperature or 
time in a controlled atmosphere. Concurrent measurement of these two 
material properties not only improves productivity but also simplifies 
interpretation of the results. 
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Fig.3.11 Thermal analysis from Metiler Toledo for measuring TGA/DSC 
of the doped manganites. 
A typical TGA/ DSC curve analysis for a sample of the current work [111 
shows the deviation above the base (zero) line and is called exothermic 
transition whereas deviation below the base line is called endothermic 
transition. The heating rate was in the range of 5-10 K/min. The 
complementary information obtained allows differentiation between 
endothermic and exothermic events with no associated weight loss (e.g. 
melting and crystallization) and those that involve a weight loss (e.g. 
degradation). 
3.3.1.5. 	Fourier Transform Infrared Spectroscopy (FTIR) 
Fourier Transform InfraRed (FTIR) spectroscopy is a powerful technique 
for the confirmation of functional groups present in the compound. It 
involves the absorption of electromagnetic radiation in the infrared 
region of the spectrum, which results in changes in the vibration 
energy levels of molecule. Since, usually all molecules will be having 
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vibrations in the form of stretching, bending etc., the absorbed energy 
will be utilized in changing the energy levels associated with them. It is 
a valuable and formidable tool in identifying organic compounds, which 
have polar chemical bonds (such as OH, NH, CH etc.) with good charge 
separation (strong dipoles) 1121. 
Infrared spectroscopy exploits the fact that molecules have 
specific frequencies at which they rotate or vibrate corresponding to 
discrete energy levels. These resonant frequencies are determined by 
the shape of the molecular potential energy surfaces, the masses of the 
atoms and by the associated vibronic coupling 1121. Thus, the 
frequency of the vibrations can be associated with a particular bond 
type. Simple diatomic molecules have only one bond, which may 
stretch. More complex molecules have many bonds, and vibrations can 
be conjugated, leading to infrared absorptions at characteristic 
frequencies that may be related to chemical groups. It is used in the 
identification and structural analysis of organic compounds, natural 
products, polymers etc. The presence of a particular functional group 
in a given organic compound can be identified. Since every functional 
group has unique vibration energy, the IR spectra can be seen as their 
fingerprints 1121. In the present work, FTIR spectra of desired samples 
(Chapter 4-5) have been carried out at Aligarh Muslim University 
(AMU) using Perkin Elmer Spectrum BX-100 spectrophotometer as 
shown in Figure 3.12 with diffuse reflectance accessory in the 
wavenumber range 400-4400 cm-1. Each sample has been recorded 
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over 128 scans with the resolution of 4 cm-1 and interval of 1 cm-1 in 
triplet set. The repeated curve was used for spectral characterization. 
To avoid the interference from CO2 and moisture, the IR chamber was 
flushed with nitrogen gas and fresh background was recorded 
frequently. The performance of IR spectrophotometer has been checked 
by recording spectra of reference vs. references material wherein, the 
obtained zero line spectra confirm the good performance of 
spectrophotometers. 
Fig. 3.12 Perkin Elmer Spectrum BX-100 spectrophotometer (AMU, Aligarh) 
The powder sample were diluted by KBr and pressed in to a disk of 
thickness 0.1 mm and then the samples were dried carefully to 
minimize the interference of moisture. Figure 3.18 shows the FTIR 
spectra of Ni doped LSMO for x = 0.0, 0.05, 0.15, and 0.25 samples 
sintered at 7500C [ 131. 
3.3.2. Measurement of Physical properties 
In the present work, physical properties of managnites such as 
magnetoresistance, electrical resistivity, magnetization etc. have been 
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characterized in varying conditions of temperature and applied 
magnetic field. The systematic characterization details are mentioned in 
this section. 
3.3.2.1. 	Resistivity Measurement Techniques 
Manganites posses varied electronic and magnetic phases with 
the variation of temperature and applied magnetic field as discussed 
earlier in chapterl. To understand this transport behaviour, resistivity 
measurement is quite easy and straight forward to provide much useful 
information about the electrical properties of the sample. The 
measurement of electrical resistance as a function of temperature gives 
information about Lhe various temperature dependent electronic phase 
transitions. It also gives information about the value of critical 
temperature as well as the quality of the sample. In general, electrical 
resistivity is a measure of how strongly a material opposes the flow of 
electric current. A low resistivity indicates that, a material which 
readily allows the movement of electrical charge. Electrical resistivity p 
is defined by, p= E / J, where p is the static resistivity, E is the 
magnitude of the electric field and J is the magnitude of the current 
density. The electrical resistivity p can also be given by, p= R (A / 1) 
where p is the static resistivity, R is the electrical resistance of a 
uniform specimen of the material, l is the length of the piece of material 
and A is the cross-sectional area of the specimen. In physics, the two 
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most common Kelvin techniques for determining the resistivity of the 
bulk materials and thin films are (1) The Van der Pauw method and (2) 
The four point collinear probe method. 
1. Van der Pauw method for resistivity measurement 
The method was first propounded by L.J. van der Pauw in 1958 [141. 
The van der Pauw Method is a commonly used technique, based 
around the Hall effect, which characterize a sample's conductivity and 
can be successfully completed with a current source and a voltmeter to 
measure voltage using four small contacts on the circumference of a 
flat, arbitrary shaped sample of uniform thickness. This method is 
particularly used for measuring small samples because geometric 
spacing of the contacts is unimportant. In this, the effects due to the 
sample size, which is the approximate probe spacing, are irrelevant. 
This method needs accurate cooling and heating systems. In order to 
use the van der Pauw method, the sample thickness must be much less 
than the width and length of the sample. Using this method, the 
resistivity can be derived from a total of eight measurements that are 
made around the periphery of the sample with the configuration shown 
in Figure 3.13. 
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Fig. 3.13 Van der Pauw resistivity conventions 
Once all the Voltage measurements are taken, two values of resistivity, 
PA and pE3 are derived as follows: 
7C . (V,-v+-v) 
a-1n2.
J I' ~ 	
41 33 
7 	(V;—V6+1. —lS) 
p f; —t 
In2fry 	41 3.4 
Where, pA and pry are volume resistivities in ohm-cm, to is the thickness 
in cm, V 1-Vs represents the voltages measured by the voltmeter; I is the 
current through the sample in amperes; fA and fB are geometrical 
factors based on sample symmetry. They are related to the two 
resistance ratios QA and QB as shown in the following equations (fA 
fB=1 for perfect symmetry). QA and QB are calculated using measured 
voltages as follows: 
V -V, 
Q = 
 
V3- 4 3.5 
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VS - V 
Q~=V 7 -i!4 ........................................3.6 
Also, Q and f are related as 
0 693 
Q-I f 	 e 
= 	arc cosh Q+1  0.693 2 
........................3.7 
Once pA and pB are known, the average resistivity (pave) can be 
calculated as 
PA PB 
2. The Four point collinear method 
The four point collinear probe is a very versatile device used widely in 
physics for the investigation of electrical phenomena [ 151 thereby 
measuring the resistivity of a bulk material. This technique involves 
bringing four equally spaced probes in contact with a material of 
unknown resistance. The probe array is placed in the center of the 
material, as shown in Figure 3.14. The two outer probes are used for 
sourcing current and the two inner probes are used for measuring the 
resulting voltage drop across the surface of the sample. In this method, 
the error due to contact resistance, which is significant in the electrical 
measurement, is avoided by the use of two extra contacts (voltage 
probes) between the current contacts. In this arrangement, the contact 
resistance may be high as compared to the sample resistance, but as 
long as the resistance of the sample and contact resistance are small 
compared with the effective resistance of the voltage measuring device 
(potentiometer, electrometer or electronic voltmeter), the measured 
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value will remain unaffected. Because of pressure contacts, the 
arrangement is also especially useful for quick measurement on 
different samples or different parts of the sample. 
Fig. 3.14. Four point collinear probe resistivity configuration 
The volume resistivity is calculated as follows: 
_ 	V 
p 	lnZ x 
	xtxk 
.......................3.9 
where, p is the volume resistivity (S2-cm), V is the measured voltage 
(volts), I is the source current (amperes), t is the sample thickness (cm), 
k is the correction factor based on the ratio of the probe to wafer 
diameter and on the ratio of wafer thickness to probe separation (S). 
In the present work, the electrical resistivity measurements were 
carried out using standard four-probe technique, in the temperature 
range 77-300K in a Cryostat (CTI-8200). Four contacts were made on a 
well-sintered pellets using conductive solder of low melting point. Fine 
enameled copper wires were used to pass the constant current of the 
order of few microamperes to mA through the outer two leads using a 
constant current source (KEITHLEY, Model-2400). The voltage 
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developed across the two inner leads was measured using a Keithley 
nano-voltmeter (Model 2001). The resistivity as a function of 
temperature was measured during the warming up cycle. The 
temperature was controlled with the help of a Lakeshore temperature 
controller (Model DRC-93CA). The four- probe setup used for 
measuring the resistivity is shown in Figure 3.15. 
KEflHLEY 
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Fig. 3.15. Block diagram of Four-Probe resistivity setup 
3.3.2.2. Magnetoresistance measurements (MR Setup) 
The magnetoresistance (MR) of conventional materials enables 
changes in resistance of up to 5%, but materials featuring Colossal 
Magneto Resistance (CMR) may demonstrate resistance changes by 
orders of magnitude. Manganite materials show enormous changes in 
resistance under application of magnetic field around transition 
temperature (To) thus it is a very significant and vital property of 
manganite based materials and such MR behaviour decides the 
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application of these materials. To study the magnetoresistive properties 
of manganite bulk samples, magnetoresistance (MR) versus 
temperature and applied magnetic field (H) isotherms at different 
temperatures should be measured very carefully due to the small 
resistance of the samples thus require low contact resistance. To 
accomplish this requirement, standard four-probe method was used for 
measuring resistance of the samples similar to the electrical resistivity 
measurements explained in the previous section [ 16]. Schematic of the 
four probe is shown in Figure 3.16. To measure the resistivity using 
this technique, the samples were cut in a rectangular bar shape using 
a diamond saw. 
Fig. 3.16 Four probe contacts of current and voltage supplies to the 
sample during the resistivity measurements. 
For the electrical contacts of the probes with the sample, silver 
paint has been used. A fine slurry of the silver paint is made by 
dissolving it with an appropriate solvent (n-butyl acetate or thinner). 
This silver paste is applied at the ends for current and voltage contacts. 
Due to very less resistance, thin copper wires were soldered with silver 
paint and the whole assembly was put onto a sample holder, where the 
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wires were connected with leads to the measurement instruments. 
Samples have low resistance at room temperatures, so a precise 
accurate current source is used which can pass current of a few 
microampere and voltmeter used, has a measuring range from 
nanovolts to a few microvolts. As shown in the Figure 3.16, current is 
passed through the outer probes (+I & -I) and resultant potential 
difference developed between two points is measured using the inner 
probes (+V & -V). The resistance can be calculated using the ohm's law 
V = IR, where I is the current passed and V is the voltage developed. It 
is crucial to keep the voltage probes between the current probes in a 
linear way. Using dimensions, the exact resistivity (p) of the sample can 
be calculated using the relation 
RA 
.3.10 
where R is the resistance, A (A = bxt) is the cross-sectional area of the 
sample. Here, it is mentioned that thermo emf is automatically 
compensated during the measurements. Liquid Nitrogen is used to 
carry out low temperature and magnetic field dependent resistivity 
measurements. Which later were heated in a controlled way by using a 
heater and the resistance was measured with slowly increasing 
temperature. As in the present study material exhibits low field 
magnetoresistance so, measurements has been carried at low applied 
magnetic field of the order of 8000 Oe. i.e. at constant temperature 
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resistivity was measured with different applied magnetic field, from that 
MR was calculated for different magnetic fields from 0.005 to 0.8T. 
The measurements in this work was carried according to the 
shown schematic design in Figure 3.17 (a) arranged in the Magnetic 
standard Laboratory at National Physical Laboratory (NPL) NewDelhi as 
shown in Figure 3.17 (b) illustrating the photographic view of the setup, 
showing the magnet, probes and reservoirs arranged in it. 
(a) 	 (b) 
Fig. 3.17. (a) Schematic of MR setup used to record magnetoresistance of the 
manganite samples (b) Laboratory Setup of the Magnetoresistance 
measurement. 
3.3.2.3. Vibrating Sample Magnetometer (VSM) 
Magnetic properties of the materials can be measured using 
several techniques such as Physical Property Measurement System 
(PPMS), Superconducting Quantum Interference Device (SQUID), 
Vibrating Sample Magnetometer (VSM) [ 17]. VSM is the most common 
instrument because it offers the best combination of performance 
capabilities and can accommodate a large range of samples with widely 
different properties. A Vibrating Sample Magnetometer (VSM) can 
measure the magnetic behavior of magnetic materials. The principle of 
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VSM is the measurement of the electromotive force induced by a 
magnetic sample when it is vibrated at a constant frequency in the 
presence of time varying DC magnetic field in other words VSM simply 
operates on Faraday's law of induction; a changing magnetic field will 
produce an electric field. This electric field can be measured and can 
give us information about the changing magnetic field. When a sample 
is placed within a time varying DC magnetic field and made to undergo 
sinusoidal motion (i.e. mechanically vibrated), there is some magnetic 
flux change. This induces a voltage in the pick-up coils, which is 
proportional to the magnetic moment of the sample. Figure 3.18 shows 
the block diagram of a typical VSM setup. A VSM operates by first 
placing the sample to be studied in a constant magnetic field. If the 
sample is magnetic, this constant magnetic field will magnetize the 
sample by aligning the magnetic domains, or the individual magnetic 
spins, with the field. If the value of the applied constant magnetic field 
is higher, then, magnetization will be higher. The magnetic dipole 
moment of the sample will create a magnetic field around the sample, 
sometimes called the magnetic stray field. As the sample is moved up 
and down, this magnetic stray field changes as a function of time and 
can be sensed by a set of pickup coils. The alternating magnetic field 
will cause an induced electric field in the pick-up coils according to 
Faraday's law of induction. This current will be proportional to the 
magnetization of the sample. If the sample possesses higher 
magnetization, induced current will be higher. 
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Figure 3.18 Block diagram of vibrating sample magnetometer 
The induction current is amplified by a lock-in amplifier. The various 
components are hooked up to a computer interface. Using controlling 
and monitoring software, the system can give information about the 
magnetization value of sample and how its magnetization depends on 
the strength of the constant magnetic field. A typical measurement on a 
sample is taken in the following manner: 
• The strength of the constant magnetic field is set 
• The sample begins to vibrate at 72 Hz frequency 
• The signal received from the probe is translated into a value for 
the magnetic moment of the sample 
• The strength of the constant magnetic field changes to a new 
value no data is taken during this transition 
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• The strength of the constant magnetic field reaches its new value 
• The signal from the probe again gets translated into a value for 
the magnetization of the sample 
• The constant magnetic field varies over a given range, and a plot 
of magnetization (M) versus magnetic field strength (H) is 
generated 
In this study, VSM, LakeShore 7304 with a sensitivity of 10-6  
emu has been used to measure the magnetic property of all studied 
samples, situated in the Laboratory at NPL, New-Delhi, India. Figure 
3.19 illustrates the photographic view of VSM. 
i 
Fig. 3.19. Vibration Sample Magnetometer (VSM) setup 
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This setup has the characterstics that the magnetic 
measurement of a sample in the temperature range from ambient 
temperature upto 1100 K can be performed. A weight amount of 
powder sample (-50 mg) is taken and make tight to avoid movements 
inside the sample holder. High temperature magnetic measurement is 
performed by flowing an inert gas (argon) into the sample chamber. It 
can be operated up to 1.2 T at a vibration frequency of 72 Hz. The 
magnetic moment calibration is carried out using a Ni standard 
(sphere) with known magnetization (Ms=6.92 emu at 5 KOe) at room 
temperature. The temperature calibration is performed using a Ni 
standard having a Curie temperature of 627 K. 
3.4. Conclusions 
Utilizing the above experimental techniques, synthesis and 
characterization of doped manganites are described in forthcoming 
chapters. Synthesis is done by solid state reaction route and sol-gel 
route with some methodological improvements and additional 
investigations were needed to achieve compositions with specific 
stoichiometries. 
The techniques such as XRD pattern, UV-visible, FTIR 
spectroscopy, TEM and transport measurements technique using four 
probe resistivity, low temperature, low field measurements and VSM 
described in this Chapter have been utilized to characterize doped 
manganites (Chapter 4-6). 
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Chapter-4 
Study of Strontium Doped 
LaMnO3 Nanomanganite Synthesized by 
Sol Gel Route 
2 
Study of Strontium doped LaMnO3 nano- 
manganite synthesized by Sol Gel Route 
This chapter describes the synthesis of Strontium doped 
LaMn03 manganite in nano regime using mild sol-gel route followed by 
structural, chemical and magnetoresistance resistance studies to 
explore the ferromagnetism arising because of the strontium doping in 
antiferromagnetic LaMn03 system. 
4.1. Introduction 
The rare earth manganite perovskite with general formula Lai. 
.A,,Mn03 (A = Ba, Sr, Pb and Ca) are of high technological and 
scientific interest due to their spectacular physical properties and 
versatile field of applications such as magnetic-field sensor [1,2], hard 
disk read heads [3], fuel cells [4, 5], infra red devices [6], spintronics 
materials, memory devices (electroceramics), micro-wave active 
components, magnetocaloric refrigeration [7]. Nowadays it is a 
promising candiadate in biomedical applications such as magnetically 
guided drug delivery, cell separation and hyperthermia. The 
importance of these materials is because of the remarkable 
phenomenon occurring in these systems such as Jahn teller 
distortion, double exchange, charge ordering (CO), orbit ordering, spin 
ordering and magnetic ordering as described in chapter 2. Double 
exchange effect is an exchange of electrons from neighboring Mn3+ to 
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Mn4  ions through oxygen when their core spin is parallel and hopping 
is not favored when they are anti-parallel. However, it has been 
observed that an additional mechanism, Jahn-Teller distortion (JT) 
could be responsible for the transport properties. In general, CMR 
effects of polycrystalline ceramic bulk exhibit two classes of 
Magnetoresistance (MR) these are intrinsic and extrinsic MR. The 
former is referred to intra-grain effect where its MR shows a maximum 
near paramagnetic-ferromagnetic transition temperature (Tc) and 
maximum electrical resistivity at metal-insulator transition 
temperature (Tn). The latter is due to the intergrain effect where higher 
MR could be observed over a wider temperature range below Tc and is 
characteristic of a Low-Field MR (LFMR), which is believed to be due to 
Spin-Polarized Tunneling (SPT) or Spin-Dependent Scattering (SDS) of 
conduction electrons across grain boundary [8-10]. Recently, the effect 
of grain boundaries in the polycrystalline manganites has been 
studied intensively, where the grain's shape or microstructure will be 
changed with different preparation process or by doping. It was found 
that substitution of divalent atoms with variance atomic radius and 
synthesis process will influence the magnetic properties and electrical 
properties of the system [11, 12]. 
Furthermore, the magnetic properties of nanoparticles 
strongly depend on the size and shape of particles, particle size 
distribution, finite-size effect and dipolar or exchange interaction 
between the particles[ 13-16] Thus it is important to identify the effects 
of interaction between nanoparticles on physical properties of these 
149 
systems [ 15, 17]. If the particle size is smaller than the size of single 
domain, each particle has a large magnetic moment (so-called super 
spin) [ 13, 16, 17] which is good for hyperthermia application [ 18]. 
Magnetic nanoparticles of fairly uniform size, having a Curie 
temperature above room temperature nearly 450C, are needed for 
hyperthermia. Doped manganites LSMO is an interesting material due 
to its high Tc value (about 380 K) and a large magnetic moment at 
room temperature [ 19-22] with good CMR properties. Further, it is 
widely accepted that the dopant concentration x and the band width 
or the tolerance factor) are dominant two parameters which enable us 
to systematically tune the magnetic and transport properties including 
the colossal magnetoresistance (CMR) and metal-insulator transition 
accompanied by the charge and orbital order (CO). The fact that such 
unique properties are significantly influenced by the A-site 
randomness motivated to develop the A-site ordered manganites 
without the A-site randomness. This nanosized manganite can be 
synthesized by different methods like homogeneous Co-precipitation, 
Solvo thermal decomposition, hydrothermal [23-25], microemulsion 
technique, anodized alumina oxide (AAO) etc. 
This chapter describes the synthesis of Sr doped LaMnO3 
system in nano regime i.e. Laj Sr.Mn03 (x = 0.3, 0.33 8v 0.4) 
nanoparticles (NPs) using mild sol gel approach at a low temperature. 
The choice of optimal doping concentration was decided on the basis 
of literature survey where phase diagram of the Lai.XSrXMnO3 
(explained in chapter 1; 1.3.4) suggests that in the vicinity of x=0.33 
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this material showed ferromagnetism and Curie temperature above 
room temperature required for the core magnetic nanoparticle in 
hypethermia treatment. In this chapter we have studied the influence 
of Sr (as a divalent atoms substituted at A site) doping on the 
antiferromagnetic LaMnO3. From different synthesis methods 
mentioned earlier sol-gel is a preferable alternative due to very short 
reaction time, simple synthetic apparatus and simple operating 
procedure. This method also allows synthesis of LSMO NPs in large 
scale up to several tenth grams. Strontium as a dopant controls the 
number of carriers, actually holes, at the Fermi level. 
4.2. Experimental Synthesis 
Nanoparticles of Lai-,Sr.Mn03 (for x=0.3, 0.33 & 0.4) were synthesized 
by sol-gel procedure from their nitrate precursors. GR grade 
precursors La(NO3)3.6H20 (G.S Chemicals, 99.9%), Sr(NO3)3 (Alfa 
Aesar, 99%), Mn(NO3)2.4H20 (Across, 99.9%), were dissolved in 
deionized water in a separate beaker then finally these were mixed 
with the solution of citric acid (C6H807, chelating legend) (Fisher, 
99.9%) and ethylene glycol, at constant stirring, in the ratio of (1- 
I 
	
	 x[La3+]+x[Sr2+]+1[Mn2+])/ 1.5[citric acid]/2.25[ethylene glycol] to get a 
transparent stable solution. The complete process is shown in the 
form of flowchart as shown in Figure 4.1. In order to keep the basic 
nature of solution, ammonia solution was added drop wise to the 
solution till the pH reached 9. The solution was then heated on a hot 
plate under constant stirring at 800C to evaporate excess water and 
the resulting solution was converted into viscous glassy gel. The gel 
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was then dried at 40°C -50°C to obtain dark grayish flakes. The 
formed flakes were ground to get as-prepared powder of Sr doped 
LaMnO3. The powder was calcinated at 400°C for 4 hours in box 
furnace with a ramp rate of 5°C per minute. The calcinated samples 
were again ground and were pressed into pellets at S-9 tons /cma 
applied pressure. These pellets were further annealed at 750°C for 4 
hours to obtain manganite nanoparticles. 
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nanopartcles by Sot-get Method. 
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4.3. Results and Discussions 
4.3.1. 	Thermogravimetric and Differential Scanning Calorimetry 
Thermogravimetric Analysis (TGA) and Differential Scanning 
Calorimetry (DSC) of 33% Sr doped as-prepared sample was carried 
out with Mettler Toledo at the heating rate of 10°C/minute in air in 
order to analyze the occurrence of chemical changes taking place in 
the formation of perovskite phase. A typical TGA and DSC curve of 
sample Lao.67Sro.33Mno3 is shown in Figure 4.2. Exothermic one-step 
decomposition of the nitrate/citrate complexes takes place in the 
temperature range 300°C < T < 400°C. With the increase in 
temperature there are three weight loss regions observed in the TGA 
curve. The weight loss region in the temperature range - 35- 1050C is 
6% which is due to loss of solvent water molecules. The weight loss 
between 150 to 3200C is -5 % which is due to decomposition of 
nitrates/citrates around 3000C and decomposition of CH X organic 
components. The third region of TGA curve is a fast weight loss stage 
with 30% loss between 420-6500C due to decomposition of burning of 
residual organic compounds of the precursor. 
Above 650°C there is no mass change in TGA curve suggesting 
the crystallization and formation of perovskite phase also confirmed 
by XRD and TEM results. Thus, TGA data confirm that the samples 
can be successfully synthesized at low sintering temperature of 7500C. 
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Fig. 4.2. TGA and DSC curves of as prepared Lao.67Sro.aaMnO3 by 
sot get technique 
4.3.2. Structural characterization 
4.3.2.1 X-Ray Diffraction 
In order to confirm the structure of formed perovskite and its 
phase, X-ray diffraction techniques using Rigaku (Miniflex-II) 
diffractometer with CuK„ (X=1.5418 A) radiation was used. Fig, 4.3 
shows the XRD patterns of all the Sr doped LaMnO3 samples 
calcinated at 4000C and sintered at 7500C for 4 hours by in the 20 
range 205-800. It is evident from the XRD patterns that all the samples 
are formed in single phase without showing any secondary or impurity 
phases. However, the XRD peaks width of these powders indicate the 
formation of fine LSMO nano powders. The patterns were similar to 
that of perovskite structure i.e Rhombohedral ABO3 with space group 
R-3c. The diffraction peaks at angle 20 - 32.07 represents the (l10) 
plane of perovskite phase. The average crystallite size (t) was 
calculated by using the Debye Scherrer's equation t - 0.9)./(icos0, 
where A is the incident X-ray wavelength (Acu=1.5443 A), (3 is full width 
at half maximum (FWHM) of the peak corresponding to maximum 
intensity and 0 represents the diffraction angle of the most intense 
peak in degrees. 
The crystallite sizes (t) of the LSMO samples for different 
doping concentration of Sr are given in Table I suggesting the 
systematic broadening of peak or in turn the particle size with doping 
concentration. 
Table I Crystallite size(t) as computed from Debye schrrer formula 
LarSr„MnO3 Composition (x) Crystallite Size (t) 
x= 0.3 24.07 
x = 0.33 24.28 
x = 0.4 29.86 
The average crystallite size (t) of the LSMO samples lies in 
between 24 to 30 nm. However, the procedure of finding average 
crystallite size using Scherrer's formula is an indirect way to estimate 
the size approximately. Structural characterization using TEM is 
rather a direct and appropriate way to find the grain size exactly. 
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Fig. 4.3. XRD patterns of Sr doped Lai.:Sr MnO3 for x= 0.3, 0. 33 
and 0.4 samples sintered at 7500C 
4.3.3. Transmission Electron Microscopy 
The morphology and size of the grains were directly 
investigated by high resolution transmission electron microscopy (1-ER-
TEM), Fig. 4.4 (a-c) shows the TEM bright field image of LSMO 
nanocrystalline samples comprising narrowly distributed particles. 
Samples have been prepared by dispersing powder sample in iso- 
propanol using sonification in a ultra sonication bath (20 kHz, 500 W) 
for half an hour. One drop of the well-dispersed sample solution is 
deposited on to a carbon coated copper grid (400 mesh). The dried grid 
was used for microscopy. 
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Fig. 4.4. TEM bright field images with corresponding selected 
area electron diffraction (SAED) patterns (inset) of Lai_ XSrXMnO3 
for (a) x=0.3 (b) x=0.33 (c) x=0.4 samples. 
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TEM images show almost the identical particle size for low 
doping concentration i.e. x <_ 0.33 as calculated from XRD. The size for 
x=0.4 size lies between 40 to 50 nm which is due to 
congregation/agglomeration of the particles. Agglomeration could be 
explained on the basis that precursor powder contains large amount 
of organic compounds, which may increase the temperature in the 
system during thermal treatment. The insets of Figure 4.4 shows 
corresponding selected-area electron diffraction (SAED) patterns of the 
same sample. The SAED pattern reveals spotty ring patterns, 
indicating its crystalline structure which is in good agreement with 
XRD results. 
The average particle size estimated from the micrograph 
considering the minimum and maximum diameter of large number of 
particles was found to be in the range of 20 to 30 nm for x =0.3 and 
x=0.33 respectively. 
4.3.4. 	Fourier Transform Infra Red spectroscopy (FTIR) 
The FTIR transmission spectra of the Sr doped LaMnO3 
samples synthesized by using citric acid and ethylene glycol, dried at 
80 °C of as prepared and sintered powders at 750°C recorded with 
KBr pellet are shown in Figures 4.5 (a( & (b) represents the chemistry 
for the formation of LSMO perovskite materials by sol-gel method. As 
observed from Figures 4.5 (a) & (b) a broad adsorption band around 
3448 cm-1 appeared in the IR spectra of all citric acid-ethylene glycol- 
salt resins, which are characteristic of absorbed water or hydroxyl 
group in alcohol (0-H stretching). The absorption peak at 1637 cm i 
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and 2344 cm-' are due to the deformation mode of absorbed molecular 
water of the carrier KBr (H20)„ and CO2 respectively [26]. The Figures 
also show a clean FTIR spectrum with an absorption peak at 615 cm-' 
corresponding to the stretching mode, which involves the internal 
motion of a change in Mn-O-Mn bond length [271 and this metal-
oxygen bonds are subsequently organized into a MnO6 octahedral 
structure, as evidenced by the appearance of a well defined spectral 
band at about 615 cm 1 . It represents the formation of crystalline 
powder containing the LSMO perovskite structure material, which is 
in agreement with the result of XRD [28]. 
In as prepared samples strong absorption peaks at 851 cm-1  
and 1455 em-1 are due to SrCO3 which diminished with sintering. A 
strong band near 1118 cm-1 reveals the formation of CH3-CH3-, CH3- 
NH2-, CH3-O- bands when the polymerization takes place with metal 
nitrate, citric acid and ethylene glycol. This band 1118 cm -= also 
attributed to the C-C-O structure from ethylene glycol in the 
polymerization process. 
The resin was characterized to have both monodentate and 
bidentate ligand of carbonyl group, which may be due to the resins 
contain the chelating of carbonyl group with metal ions. Additionally, 
in annealed LSMO samples with the absorption bands in the vicinity 
of 1383 cm-' reveals the existence of carbonate. From the 
characteristic stretching vibration peaks of carbonyl group the 
presence of a lot carbonate can be noticed. From the FTIR analysis, it 
can be suggested that the ethylene (C-C-O) readily undergoes 
oxidation than citric acid. 
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Fig.4.5. FTIR spectra of Sr doped LaMnO3 Samples for x= 30%, 33%, 
40% a) as prepared b) annealed at 750 0C. 
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4.3.5. 	Magnetoresistance (MR) measurements 
Magnetoresistanec (MR) study for the present series of LSMO 
samples was carried at room temperature (300K) as well as at low 
temperature (77K). Results of the measurements are shown in Figure 
4.6 exhibits the magnetic field dependent behavior of MR having 
crystallite size, t =24.07, 24.28 and 29.86 nm by varying the applied 
magnetic field from 8 to -8 kOe. The result shows that in the 
synthesized series although the particle size increases with doping but 
magnetoresistance does not vary with size. MR is maximum for 33% 
Strontium doped manganite nanoparticles both at low temperature as 
well as at room temperature. For Lao.67Sro.33MnOa MR at 77K MR is - 
17.157% which is -3.07% at room temperature. 
Further, at a temperature of 77K and 300K the curves 
exhibited distinct Low Field MagnetoResistance (LFMR), characterized 
by a sharp drop of MR at low fields (H<1.6 kOe), followed by a slower 
varying MR at a comparatively high-field regime (H>1.6 kOe) where 
MR is almost linear with H. This LFMR is governed by spin polarized 
tunneling (SPT) transport of conduction electrons across the grain 
boundaries [29] or spin disorder magnetic domain scattering at the 
boundary regions. Figure 4.7 (a & b) shows variation of 
magnetoresistance with doping concentration for 300K and 77K 
respectively at an applied field of SkOe . It is interesting, that with 
doping concentration within x = 0.3 to x = 0.4 both LFMR and MR 
(SkOe) are pronounced in case of x = 0.33 Sr doped LaMnOa sample 
though x = 0.3 doped sample has a smaller crystallite size than x = 
0.33 doped sample. 
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Fig.4.6. Magnetoresistance of La1..Sr,MnO3 with x=0.3, 0.33 and 0.4 
samples in 77K and 300K. 
The LFMR of x = 0.33 strontium doped sample is found to be - 
13.76% and -1.07% at 77K and 300K respectively with an applied low 
field of 1.6 Kilo Oerested. The comparative MR measured values 
corresponding to doping and crystallite size are shown in Table II. 
Table IL MR (8kOe) and LFMR (1.6kOe) variation with particle 
size and doping concentration at 77K and 300 K 
MR% MR % at  LFMR at LFMR at  Lai-g5r xMaO3 Crystallite at 77K 300K 77K and 300K Composition 
(XI Size (t) 	and at and at at 1.6 and at 
8kOe 8kOe KOe 1.6KOe 
x=0.3  24.07 -16.064 -3.02728 -10.9641 -1.0279 
x=0.33  24.28 -17.1 	7 5 -3.07284  -13.7 	7 61 -  1.07305 
x = 0.4 29.86 -11.946 -1.57134 -6.40021 -0.36973 
162 
•12 (b) 	 x=0.4 v 
-13 —G—T= 77 K 
-14• 
-15 
x = 0.3 
-16 
= 0.33 
17 	 0  
-18 
0.30 	0.32 	0.34 	0.36 	0.38 	0.40 
composition (x) 
Fig. 4.7. MR variation with Sr doping concentration at A site of 
LaMnOa at applied field of SKOe a) 300K and b) 77K 
FS7 
The shift in magnetoresistance at all fields can be carried out 
with the decrease in crystallite size, MR increases until the 
nanoparticles remain in magnetically multi domain regime, but as 
soon as it falls in the single domain regime, MR immediately starts 
diminishing [30,31]. 
4.4. Conclusions 
In order to maintain the phase and magnetic properties of the 
perovskite a reproducible low temperature synthesis method was 
adopted to synthesize La1-.SrKMnO3 with 0.3<_ x<_ 0.4 nanoparticles in 
the range 20 to 50 nm. Thus, particle size is preserved in nano regime 
with smallest being of x = 0.33 Sr doped LaMnO3. 
The results of the present study indicate that the molar ratio 
of taken precursors contained a low fraction of monodentate legend 
and a higher portion of C-C-O structure due to the presence of 
ethylene glycol, caused to obtain a small size of perovskite structure 
synthesized at a lower sintering temperature as low as 750°C. 
MR study both at room temperature as well as at low 
temperature reveals that MR change is significant for x=0.33 doped 
Lai_xSr.Mn03 perovskite. 
Finally, this study reveals that x = 0.33 strontium doped 
LaMnO3 sample with average particle size 24.28 nm saves a possibility 
to utilize it for room and low temperature, low magnetic field sensor 
applications or with proper encapsulation may be used for biomedical 
application. 
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Chapter-S 
Study of Nickel doped. 
Lao.67Sro.33MnO3 Nanomanganite 
Synthesized by Sol-Gel Route, 
5 
Study of Nickel doped Lao.67Sro.33MnO3 
synthesized by Sol Gel Route 
In this chapter the synthesis of Nickel doped Lao.e7Sro_33 Mm. 
xNi.O3 manganites in nano domain using mild sol-gel route has been 
described followed by structural, magnetic and magneto resistance 
resistance studies to observe the effect of Ni doping on nano particles 
of LSMO. 
5.1. Introduction 
The study of rare earth manganites of the general formula 
Ri „A,MnO3 (R=rare earth element, A=Sr, Ba, Ca, or Pb) has attracted 
scientific investigations for many decades [1,2]. These materials have 
novel physical properties and potential applications, such as 
magnetic-field sensors [3,4] hard disk read heads (5], fuel cells [6, 71, 
infrared devices (8], spintronics, and micro-wave active components. 
One of the parent materials of these systems, LaMnOa, is an 
antiferromagnetic insulator (AFMI) with a Neel temperature of 141 K. 
In this system, each manganese (Mn) ion is surrounded by an oxygen 
octahedron. The 3D orbitals on the Mn-site placed in such an 
octahedral coordination are subject to the partial lifting of the 
degeneracy into the lower-lying t2g states and the higher-lying eg states 
[91. In the Mnit based compounds; the Mn site shows the electronic 
configuration of t32gelg (total spin number S=2). The t2g electrons, less 
hybridized with O2p states and more stabilized by the crystal field 
splitting, are viewed as always localized by the strong correlation effect 
and as forming the local spin (S=3/2) even in the metallic state with 
the eg electrons as the charge carriers. The eg electrons become 
localized when the hopping interaction is relatively small. The cause of 
the eg electron localization is two-fold: one is electron correlation such 
as the t2g electron, even though the eg states are more strongly 
hybridized with the 0 2p states. This correlation effect would by itself 
lead only to the Mott insulating state unless carrier-doped. The other 
is the Jahn-Teller (JT) coupling of the eg electron with the surrounding 
oxygen displacement. The Jahn-Teller coupling lifts the degeneracy of 
the eg orbital by causing the deformation of the MnO6 [10]. The 
electrons in the eg orbital have a strong hybridization with the 2p state 
of a neighboring oxygen ion and can be localized depending on the 
local spin orientation and carrier density. The substitution of a 
trivalent La ion by a divalent alkaline-earth ion leads to a 
ferromagnetic metallic state, which has been long known as a 
phenomenon mediated by a double exchange (DE) mechanism 
between the spins of Mn3 F and Mn4+ ions via hopping of Mn eg 
electrons: eg(Mnj-2po(0)-eg(Mn), and a strong Hund's coupling 
between the Mn t32g  and the eg electrons [11-13]. Another important 
feature of the manganites is that a Mn3  ion is a JT ion. It has been 
recently pointed out that the influence of the JT effects has to be 
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taken into account to understand the magnetic as well as transport 
properties in the lightly doped manganese system [14]. The nanosized 
particles may show some interesting magnetic and magnetoresistance 
(MR) properties different from the bulk materials ]15]. There have been 
several methods to prepare a nanosized manganites, such as the 
versatile chemical technique [16], anodized alumina oxide (AAO) 
template [17], hydrothermal [15-20], and homogeneous co-
precipitation. These methods have some disadvantages, for example, 
complex operating procedure, long reaction and treatment time 115-
17]. Recent studies have demonstrated that the substitution of Mn 
with some other element ion could more directly modify the magnetic 
ordering [21]. Specifically, the transition metal (TM) ion being the 
foreign ion is of great interest. 
In this chapter, a systematic investigation of the structural and 
magnetic properties of Ni doped Lae/3Sri/3MnO3 (LSMO) series is 
presented. The strontium doping concentration was decided from the 
results of chapter-4 where x-0.33 doping concentration showed the 
significant magnetoresis Lance. Thus, in the present series it was kept 
fixed (x = 0.33) for all the samples and Ni concentration was taken up 
to x =0.25 to explore the effect of Ni ion at manganese site. Special 
attention is focused on the correlation between the structural and 
magnetic properties of the system so as to understand the mechanism 
behind the approach, to tune the material for low Curie temperature. 
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5.2. Experimental Synthesis 
The LSMNO nanoparticles La2jSri,3Mnl.xNixO3 (x-0, 0.05, 0.15 
and 0.25) were synthesized by sol-gel procedure from their nitrate 
precursors. GR grade starting compounds La(NOs)a.6H2O, Sr(NO3)s, 
MntNO3)4.41120, Ni(NO3)2.6H20 were dissolved in deionized water, 
mixed together with citric acid (chelating ligand) and ethylene glycol, 
at constant stirring, in the ratio of (0.67[La3']+0.33[Sr21+1- 
x[Mn2'[+x[Ni2+])/l.5[citric acidj/2.25[ethylene glycol] to obtain a 
transparent stable solution. Ammonia solution was added drop wise 
to the solution till the pH reached 9. The solution was then healed on 
a hot plate under constant stirring at 80°C to evaporate excess water 
and the resulting solution was converted into a viscous glossy gel. 
The gel was then dried at 40-50°C to obtain a dark grayish flakes. 
The temperature of drying was kept low in order to preserve the size 
and phase of naaQpartieles. The obtained dark grayish flakes were 
ground to get as-prepared powder of Ni doped LSMO. The powder was 
calcinated at 400 °C for 4 hours in box furnace at a ramping rate of 
50C per minute. The calcinated samples were again ground and were 
pressed into pellets at 8-9 tons/cm2 applied pressure. These pellets 
were finally annealed at 750°C for 4 hours to get the desired 
manganite nanoparticles. The flow chart of the sample preparation is 
shown in Figure 5.1. 
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Fig. 5.1 Flow chart of synthesis method of Ni doped LSMO 
nanoparticles. 
5.3. Results and Discussion 
5.3.1. Structural properties 
Figure 5.2 shows the XRD patterns of all the Ni doped LSMO 
samples along with pure LSMO prepared by sol-gel method in the 20 
range 20-800. It is evident from the XRD patterns that all the samples 
are formed in single phase without any detectable secondary/ impurity 
phases. This would be understood to mean that LSMO and LSMNO 
perovskite phase obtained from precursor without significant 
segregation of the individual metals directly. From the XRD patterns it 
reveals orthorhombic ABO3-type perovskite structure. The peak 
intensity of the pure LSMO perovskite phase is lower than Ni doped 
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LSMO, this indicates an increase in the degree of long range order in 
the perovskite lattice with the doping of Ni ion at manganese site. 
The indexing of the diffraction pattern was determined by 
PowderX and the diffraction angle 20 at 32.07 represents the (110) 
plane of perovskite phase. The average crystallite size (t) was 
determined using the Debye Scherrer's equation given below: 
t = 0.9X/ (icose 	...................... 5.1 
where, A is the incident X-ray wavelength (Acu=1.5443 A), (i is full 
width at half maximum (FWHM) of the peak corresponding to 
maximum intensity and 0 represents the diffraction angles in degrees. 
The crystallite sizes (t) of the LSMNO samples for different doping of Ni 
are given below in Table I. 
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Fig. 5.2. XRD patterns of Ni doped La2/3Srl/3Mni_xNL O3 samples 
for x = 0.0, 0.05, 0.15 and 0.25. 
From the table, crystallite size of decreases with the increase of 
Ni concentraton. The decrease in the crystallite size (t) may be due to 
x = 0.25 o o 	s a 
::o
0.0  
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the replacement of Mn`3 high spin with Ni+3 slow spin having a smaller 
radius. 
Table I crystallite size with doping concentration 
La213Sri/3Mnl.NiXO3 Crystallite size (t) 
x = 0 21.3600 
x = 5 19.8684 
x= 15 17.9091 
x=25  16.9690 
5.3.2. Transmission electron microscopy (TEM) studies 
For morphological characterization of LSMNO samples, small 
quantity of sample was dispersed in ethylic alcohol. The suspension 
was then homogenized in an ultrasonic bath. Fine particles from the 
resulted suspension were selected using a copper grid covered with 
FORM VAR and examined by transmission electron microscopy (TEM). 
Figure 5.3 shows TEM bright field image of Lae/3Sr1/3Mn1-XNiXO3 
samples with x = 0, 0.05, 0.15 and 0.25). 
The average particle size of the aggregated nanocrystalline 
sample was estimated by considering the minimum and maximum 
diameter of large number of particles and found in the range of 15-20 
nm. 
The insets in Figure 5.3 shows corresponding selected-area 
electron diffraction (SAED) pattern of the same sample. The SAED 
pattern reveals spotty ring patterns, indicating its crystalline structure 
and is in good agreement with XRD results. 
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Fig. 5.3. TEM bright field image with corresponding selected-
area electron diffraction (SAED) patterns (inset) of the 
LaD.67SrD.33Mn1.XNiXO3 samples with (a) x = 0, (b) x = 0.05, (c) x 
0.15 and (d) x = 0.25. 
5.3.3. FTIR analysis 
The FTIR transmission spectra of as prepared and sintered at 
750 °C Ni doped LSMO nanoparticles, prepared using citric acid and 
ethylene glycol recorded with KBr pellet are shown in Figures 5.4 & 
5.5 respectively. It represents the chemistry for the formation of 
LSMO perovskite materials. As seen from Figures a broad adsorption 
band around 3434.88 cm-1 appeared in the IR spectra of all citric 
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acid-ethylene glycol-salt resins, which are characteristic of absorbed 
water or hydroxyl group in alcohol. It also shows that the absorption 
peaks around 2341.79 cm-1 are of the carrier KBr(H20)n and CO2 
respectively. 
Figures 5.4 & 5.5 also show a clean FTIR spectrum with 
absorption peak at 605.28 cm-1. Since the metal-oxygen bonds are 
subsequently organized into a Mn06 octahedral structure as 
evidenced by the appearance of a well defined spectral band. This 
represents a crystalline powder containing the LSMO perovskite 
structure materials. In as prepared strong absorption peaks at 847.01 
cm-1 , 1455.76 cm-1 due to SrCO3 which diminishes with sintering. A 
strong band near 1115.39 cm-1 reveals the formation of CH3-CH3-, 
CH3-NH2-, CHs-O- bands when the polymerisation takes place with 
metal nitrate, citric acid and ethylene glycol. 
Fig. 5.4. FTIR spectra of as prepared Ni doped Lao.67Sro.mYln1.x1lK.O3 
for x = 0.0, 0.05, 0.15, and 0.25. 
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Fig. 5.5. FTLR spectra of Ni doped Lao.67Sro.33MnI.XNIXO3 for x = 0.0, 
0.05, 0.15, and 0.25 samples sintered at 750°C. 
The band 1115.39 cm-' also attributed to the C-C-O structure 
from ethylene glycol in the polymerization process. The resin was 
characterized to have both monodentate and bidentate ligand of 
carbonyl group, which may be due to the fact that the resins contain 
the chelating of carbonyl group with metal ions. Additionally, the 
absorption bands at 847.01 cm-1 and 1455.76 cm-1 reveals the 
existence of carbonate. From the characteristic stretching vibration 
peaks of carbonyl group the presence of a lot carbonate can be 
noticed. From the FTIR analysis, it can be suggested that the ethylene 
(C-C-O) readily undergoes oxidation than citric acid. 
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5.3.4. Magnetoresistance (MR) measurement 
The interest in inter-grain magnetoresistance in polycrystalline 
perovskite manganites has attracted attention recently. Previous 
efforts aimed at MR enhancement have concentrated on grain 
boundary (GB) modification, mainly by insulator doping. It is believed 
that the grain boundaries (GBs) and phase interfaces, where the 
ferromagnetic spin alignment shows disordered status to some extent, 
serves as strong scattering centres for the highly spin polarized 
conducting Mn3- Cg electrons and leads to a high zero-field electrical 
resistance. Application of a moderate magnetic field can readily align 
the domains associated with the GBs into parallel configuration and 
drop the resistivity substantially. Factors that affect the magnetic spin 
disorder at GBs or phase interfaces are still under exploration. 
Previous explorations have been focused on microstructure 
modification X22, 231, such as the grain size refinement 1241, 
manganite/insulator co-sintering [25, 26] and amorphous phase 
generation 127]. The common feature of these processing procedures is 
to weaken the ferromagnetic interaction between grains by introducing 
insulator phase to the GBs. The enhancement of MR was achieved at 
the expense of significantly increased resistivity, p. Such a high p is 
impractical for applications. Actually, the doping of insulator phase 
should not be an indispensable condition in achieving the magnetic 
disorders at the phase interfaces. As long as the magnetic exchange is 
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interrupted, any impurity, even a nonmagnetic metal, should be able 
to decouple the grains and cause Mn spin disorder at the interfaces, 
subsequently resulting in an enhancement in MR. In this study 
magnetoresistance measurements were carried out using MR set-up 
as shown in chapter 3 and the results observed are shown below- 
(i) Variation of MR% with magnetic field 
The percentage of MR values of virgin and Ni doped 
La2J3Sr1 r3Mni_XNiXO3 (x= 0.05, 0.15, and 0.25) samples were measured 
at different fields ranging from 0-8000 Oerested at temperatures 77 K 
and 300 K and the maximum MR values of all the samples are given 
in Table II and the variation of MR % with field for all the samples is 
shown in Figure 5.6. 
The variation of MR with the magnetic field of all the samples at 
77 K and 300 K shows almost similar behaviour in all the cases. It can 
also be seen from the Figure that all samples are found to exhibit 
considerable magnetoresistance even at low magnetic fields and 
increase rapidly with increasing magnetic field. This low field 
magnetoresistance (LFMR) appears to be high in the low temperature 
region and the observed behaviour might be due to the spin polarized 
tunneling phenomenon across the grain boundaries or spin disordered 
magnetic domain scattering at the boundary regions. 
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Fig. 5.6. Field dependence MR (in %) for M doped Lao.67Sro.33Mnl. 
XNt,03 for x = 0.0, 0.05, 0.15, and 0.25, samples at room 
temperature (RT = 300 K) and low temperature (LT = 77 K). 
TABLE II. Crystallite size and maximum MR% values for different 
composition. 
Lao.67Sro.33Mn1.xNixO3 
Ni Composition (x) 
Crystallite 
size (t) 
MR% (300K) MR% (77K) 
x=0.0  21.3600 -3.672 -17.150 
x=0.05  19.8684 -3.412 -17.378 
x=0.15  17.9091 -0.747 -19.039 
x=0.25  16.9690 -0.396 -21.231 
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(ii) Variation of MR (percent) with Composition 
It is observed that magnetoresistance has also changed with 
doping of Ni concentration. The variation in the MR% was observed in 
the range -3.67 to -0.39 at room temperature and from -17.15 to - 
21.23 at low temperature as shown in Figures 5.7 and 5.8 
respectively. As the percentage of Ni increase in the sample there is a 
decrease in negative MR at room temperature but at low temperature 
it reverses i.e. there is an increase in negative MR with Ni 
concentration. 
0 
r-300K 	~~o 
xa0.75 	x:0.25 
•t 
~ Z 
x 0.0 
ate- 0.05 
1.N 	0.05 	0.10 	0.15 	0.20 	035 
Ni Composition (x) 
Fig.5.7. Variation in MR% with the composition, for the samples 
prepared at room temperature (30019. 
Also at low temperature, virgin sample (without Ni doped) has 
higher magnetoresistance value in comparison to the Ni doped 
samples. The enhancement of the MR values in samples correlates 
well with the better grain boundary connectivity because the 
magnetotransport property strongly depends on the density of 
disorder defects (DODs), antiphase boundaries (APBs), grain size, etc. 
and on the increasing grain size, connection between grains became 
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stronger and in case of better connected grains, alignment of spins are 
easy as they are loosely pinned, also defects are less in well connected 
grains. These two factors enhanced the value of MR. 
0-00 	0.05 	oeo 	OAS 	0.20 	0.25 
Ni Composition (x) 
Fig.5.8. Variation to MR% with the composition, for the samples 
prepared at low temperature (77 K). 
The values of MR is high at low temperature as compared to 
that of room temperature because of the following reason: There are 
two types of tunneling effects namely (i) intragranular and (ii) 
intergranular tunneling, exists simultaneously. The former refers to 
intrinsic two dimensional defects such as disorder defects (DOD's), 
antiphase boundaries (APB's), and some domain boundaries. The 
latter describe to grain boundaries (GBs) and even to impurity phase 
grain boundaries. As the temperature increases, the spin independent 
channels also open for carrier conduction and electrons starts 
hopping instead of spin polarized tunneling. Due to fewer electrons 
crossing the barrier through tunneling the MR value decreases as the 
temperature increases, further the loss of spin polarization also 
occurs with increasing temperature. Also the sample itself and the 
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preparation process are the key points for the MR effect and the 
corresponding mechanism. 
5.3.5. Magnetic Properties 
In the case of manganites, it has been well accepted that the 
scattering mechanism is governed by the spin polarized nature of the 
charge carrier and localized magnetic moment; thus there exists a 
spin dependent electron scattering of conduction electrons [281. In 
order to see the effect of Ni doping in LSMO, the magnetization 
measurement (M-H) was carried out for all the doped samples 
synthesized by solgel route at room temperature with a varying 
applied DC magnetic field. Figure 5.9 shows the hysteresis loop curve 
for x = 0, 0.05, 0.15 and 0.25 Ni doped samples at room temperature. 
From Figure 5.9 it is clear that the samples has well defined 
hysteresis loop and magnetization decreases with Ni doping at 
manganese site. 
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Fig. 5.9. Hysteresis loop curve for Ni doped La213SrMn1-.Ni„O3 (x = 0.0, 
0.05, 0.15 and 0.25) 
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Undoped LSMO sample has a higher value of saturation 
magnetization at room temperature which is 60.9 emu/g than the 
other studied sample which varies from 47.38emu/g to 4.97emu/g. In 
the case of manganites it has been reported that the Ni doping 
induces antiferromagnetic alignments of spins between the Mn and Ni 
ions [29[. A well defined hysteresis loop with coercivity -10 Gauss is 
observed in each case. However, it is pragmatic that the saturation 
magnetization decreases with an increase in the Ni concentration or 
with decreasing particle size. 
Table III. Saturation magnetization for different doping composition of 
Ni in Lae/SSr,13Mn,.~Ni..Oa (x = 0.0, 0.5, 0.15, and 0.25) 
La2i3Sn/aMnl Ni~Os 
Composition 
Crystallite size (nm) 
Saturation 
Magnetization (emu/g( 
x=0 	 21.3600 
19.8684 
60.9 
-~ x=5  47.38 
x=15 17.9091 9.5 
x=25  16.9690 4.97 
The constant coercivity in one series of members of 
ferromagnetic semiconductors having different saturation 
magnetization is not new 130,311. This decrease in the magnetization 
may be due to such antiferromagnetic alignments developed in the 
sample. Also the doping of Ni ion at the Mn site effects the ratio of 
Mn3-/Mn4* which in turn effects the Zener double exchange, resulting 
in the reduction in magnetization. 
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5.4. Conclusions 
In summary, nanosized Lae 3Sri ; 3Mni-,;NiXO3 (x =0%, 5%, 15%, 
and 25%) samples have been successfully prepared by mild sol-gel 
technique at a sintering temperature of 7500C. The structural and 
magneto transport properties have been investigated. X-ray diffraction 
pattern confirms that all the samples have been synthesized in single 
phase with orthorhombic structure in R-3c space group. The 
Crystallite size was observed to decrease slowly with the nickel doping 
and varies from 16 to 21 nm as computed from Debye Schrer formula. 
Transmission electron microscopy (TEM) study reveals that the 
size of the particle is in between 15 to 20 nm. Fourier Transform Infra 
Red Spectroscopy results confirms the formation of MnO6 octahedra. 
A drastic decrease in the saturation magnetization with an 
increase in Ni doping whereas, negative magnetorsistance increases 
with doping at low temperature i.e. the maximum magnetoresistance 
was observed in 25% Ni doped sample at low temperature. At room 
temperature negative MR decreases with Ni concentration. The 
correlation between the structural and magnetic properties in the 
present system formulates it to be a potential aspirant for the devices. 
Further, synthesizing the samples within low doping range with 
good magnetization and steep change in the hysteresis loop with a 
Curie temperature nearly 200C above room temperature can be made 
a possible candidate as a core material for magnetic hyperthermia. 
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Solid state Reaction Route 
6 
Study of Nickel Doped Lao.67Sro.33MnO3 
Synthesized by Solid State Reaction Route 
This chapter describes the synthesis of the polycrystalline 
Nickel doped Lao.67Sroa3MnO3 manganites using solid state reaction 
route followed by the structural, transport, magnetic and 
magnetoresistance resistance studies to explore the effect of Ni doping 
with in 10% at manganese site. 
6.1. Introduction 
The perovskite manganese oxides or manganite has again 
become an interesting field of research due to the complex systems 
showing dramatic electric transport, magnetic properties, charge 
ordering, orbital ordering, colossal magnetoresistance (CMR), phase 
separation etc. [1-31. It has wider area of applications in the field of 
sensor technology, memory devices, magneto caloric devices, solid 
oxide fuel cells and biomedical application in treating tumors. Hole 
doped R1. 1 MnO3 (R = rare earth, A = Ca, Sr, Ba and Pb) systems 
having AB03 perovskite structure, for the particular content in 
manganates, the mixed valence (Mn3+/Mn4') leads to a strong 
ferromagnetic (FM) interaction that arises from double exchange (DE) 
mechanism [41. Not only ferromagnetism is explained by double 
exchange but in case of Sr-doped LaMnO3 i.e. Lai-SrMnOa 
pervoskites having large eQ bandwidth and is often considered as a 
canonical system, where the coexistence of ferromagnetism and 
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metallicity has been observed and explained using a double-exchange 
(DE) model. Besides DE interaction the lattice distortion is believed to 
play an important role through strong electron lattice coupling, arising 
from Jahn- Teller (JT) distortion around Mn3+ ions known as JT ion[5- 
10]. It has been recently pointed out that the influence of JT effects 
has to be taken into account to understand the magnetic as well as 
transport properties in the lightly doped manganese system [ 1 1 ]. 
During recent years, work has been reported on the effects of Mn-site 
doping with foreign elements [ 12-14]. It is believed that the doping at 
manganese site by trivalent ions such as Fe, Ti, Cr and Ni etc. can 
explain the mechanism for CMR with parent oxide being classic CMR 
system in which hole doping is about 1/3 and the double exchange is 
the strongest [ 12,15]. It is found that Mn-site doping decreases the 
curie temperature and the metal-insulator transition temperature. 
However, the effect precisely depends on the nature of dopant. Among 
the transition metal ions nickel is one of the most fascinating 
members [ 16-18]. It has been observed that Ni doping at Mn site 
weakens ferromagnetism in the manganite system [ 19, 21]. Transition 
metal ion at B site modifies the Mn3+-O-Mn4+ network which results 
into large changes in the magnetic and transport properties of such 
systems. 
In the present work, nickel doped LSMO samples have been 
synthesized with fixed 33% strontium at La site [20], which is an 
optimal doping where Lao.67Sro.33MnO3 is a robust ferromagnetic with 
Curie temperature well above room temperature. The criterion of Ni 
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content was decided from the earlier results where it was observed 
that magnetization drops significantly to a lower value for the doping 
concentration greater than 10°/u [21]. Thus, to synthesize the 
perovskite material it was decided to study the effect of Ni doping in 
bulk polycrystalline samples of La2i3Sr1 3Mn -xNi,Oa (0.00 <_ x < 0.09) 
in micro domain as synthesized by a standard solid state reaction 
route which later can be taken up by sal-gel route. 
Further, resistivity, magnetization and Magnetoresistance (MR) 
studies were performed, to understand the electrical transport and 
magnetotransport behaviour at phase transition temperature of the 
series. It was found that Ni doping reduces the Curie temperature of 
the samples due to reduction of spin alignments in the system also it 
influences the low temperature MR. The low-field and low-temperature 
magnetoresistance (LFMR) effect has been explained mainly on the 
basis of spin-dependent tunneling across the grain boundaries [22, 
23] or spin-disordered magnetic domain scattering at the boundary 
regions [24, 25]. 
6.2. Experimental Synthesis 
A series of polycrystalline Lae/3SrziaMniNiJD3 (0.00 <_ x <_ 0.09) 
samples were synthesized by the conventional solid state reaction 
route in air as described in chapter-3. Stoichiometric mixtures of 
oxides/carbonate precursors La203.H20, SrCO3, Mn02, and NiO (all 
AR grade with 99.9% purity) in powder form were ground in agate 
mortar for 60 minutes, then fired at 900°C for 24 hours with a 
ramping rate of 50C per minute in a box furnace, and cooled naturally 
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to room temperature. The powders thus obtained, were ground, 
pelletized using polyvinyl acetate (PVA) as a binder under a pressure 
of 6 tons and then sintered at 12500C for 16 hours with one 
intermediate grinding and with the same ramping rate as while 
calcination. The flowchart showing step process of the formed samples 
by solid state reaction route is illustrated in Figure 6.1. 
\i tluped 1 SMIO-S\ NTHESIS R 	UTE 
SOLID .S'T.-I TE REa('TIO.X 1IET/iOI) 
i 
STOIC'HIONIETRIC QITANTITIES 
1a1O,.H~O 	 SrCO, 	 MnO, 	 NiO 
All Powder are 99.9% Pure Alfa Aesar / Himedia 
Dry mixed in Powder form in Agate Mortar 
Ramping rate 5°C/minute 
First Heatiu_ 	 900°C/24 his 
Grinding thoroughly 
R~mpirg rate S°C/minute 
~cc°tui 	 900°C/12 his 
Ieling  
Grinding with polypine alcohol & then pelletized 
Ramping rate 5°C/minute 
Third 	 1250°C/16 hrs 
IP
Heating„ 
Product: Single Phase La06-Sr0 33Mn,.,Ni,03 	samples with (0.0<_x < 0.1) 
Fig. 6.1 Flowchart showing process steps for the synthesis of Ni doped 
LSMO bulk mangnaite by Solid State Reaction Route (SSRR) 
192 
6.3. Results and Discussion 
6.3.1. Structural Characterization 
6.3.1.1. X-Ray Diffraction Pattern 
To verify the crystal structure, phase formation, and lattice 
parameters of the samples, X-ray diffraction pattern have been 
studied. Figure 6.2(a) exhibits the single phased X-ray patterns of 
Laor„SrQ.;3;3Nm-gNi.,0.3 (0 <_ x <_ 0.9) series powders without any 
detectable secondary/impurity phases. This means that pure LSMO 
and Ni doped LSMO perovskite phase obtained from precursor without 
significant segregation of the individual metals directly. From Figure 
6.2 (b) the peak intensity of pure LSMO perovskite phase is less with 
respect to nickel doped LSMO, indicating an increase in the degree of 
long range order in the perovskite lattice. Further, the prominent peak 
(1 10) for all the samples is aligned at 32.70 except for x =0.05 which is 
slightly shifted to 32.6°. The structural parameters for all samples 
have been refined by Rietveld fitting of the XRD patterns. Typical 
patterns are shown in Figure 6.3 for pristine and 7% Ni doped 
samples, by which the XRD peaks were indexed with rhombohedrally 
distorted ABO3 type Lao.67Sro.33Mn1_,,Nix03 perovskite structure with 
space group R-3c without any secondary or impurity phases. The unit 
cell parameters and volume from Figure 6.4 shows a systematic 
decreasing trend with the Ni concentration. This decrease in lattice 
volume with Ni doping can be attributed to the smaller ionic size of 
Nit (- 0.56 A) than that of Mn3 ' ion (- 0.64A). Table I provides the 
lattice parameters of Lao.67Sro.33MnJ.,,Ni03 (0 <_ x < 0.1) series. The 
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observations confirms that lattice parameter a=b and decreases slowly 
from 5.50684 A for pristine sample to 5.49844 A for 9% Nickel doped 
sample. Similarily, lattice parameter c falls from 13.35294 A to 
13.34976 A and the unit cell volume of the perovskite structure 
decreases 404.9310 (A)3 to 403.6751 (A)3 with Ni concentration. 
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Fig 6.2. of XRD Pattern of Lao.07Sr0.saMnI-.MOJ 
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Mg 6.2. b) XRD Pattern Prominent peak (110) of Lao.67Srua3Mni.. M O3 
forx = 0.0, 0.01, 0.03, 0.05, 0.07, 0.09 
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Fig 6.3. Reitvald fitted XRD patterns of Lao.67Sro.33Mn1..M.03 (a) x = 0.0 
(Pristine sample) and (b) x = 0.07 
Table I Lattice parameters and unit cell volume of Lao.67Sro.33Mnl. 
XNixO3 (0 5 x 5 0.09) phases in R-3c space group refined by Rietveld 
technique. 
x a (A) b (A) c (A) Volume(A)3 
0.00 5.50684 5.50684 13.35294 404.9310 
0.01 5.50684 5.50684 13.35288 404.9291 
0.03 5.50547 5.50547 13.35212 404.7051 
0.05 
0.07 
5.50488 
5.50223 
5.50498 
5.50302 
13.35197 
13.35099 
404.6208 
404.2535 
0.09 5.49844 5.49944 13.34976 403.6751 
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Fig 6.4. a) Lattice parameters and b) Unit cell volume as a function of 
Ni concentration (x) in Lao.67Sro.33MnLXNNL O3 
6.3.1.2. X- Ray Photoelectron microscopy 
To observe the Ni charge state in the Ni doped samples, XPS 
study was carried for a typial sample Lao.67Sro.33Mno.95Nio.o503. All the 
data were taken after scraping the sample using diamond foil and the 
experiment was performed using Al K-alpha X-ray source. The peak in 
the core level XPS spectra in Figure 6.5 shows Ni 2p3/2 edges in the 
binding energy range of 850-870 eV which gets overlapped with La 
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3d,3/2 edge towards its lower binding energy in the energy range 830-
860 eV. Considering similar spectra observed earlier [26,27] it can be 
inferred that the ionic state of Ni in the present series is mainly Nit+. It 
is worth mentioning here that the earlier presence of Ni3  was 
assumed in the Ni-doped La-Sr-Mn-O system, but was not confirmed 
by XPS or other studies [28]. 
3400 
3300 
	 Ni 2p3,2 	
La 3d3n 
E 3200 
6- 3100 cv 
3000 
C 2900 
2800 
2700 
860 858 856 854 852 850 848 
Binding Energy (eV) 
Fig. 6.5. Room temperature XPS spectra showing Ni 2p3/2 and La 3d3a 
edges of La0.67Sro.33MNo.95Nio.0503, peak position indicating the presence 
of majority NJ 2+ states. 
Other core level XPS spectra of Ni 2p1/2 , Mn 2p, are shown in 
Figure 6.6 whereas peak for the Ni 3p gets saturated. Ni 2p1/2 region 
is away from the La 3d312 and it overlap with the satellite of La 3d312. 
Still there is an asymmetry in the satellite at around the 868.6 eV 
shown as arrow in plot 6.6 (a) which is in the range of energy for Ni 
2p1/2 peak. Further, a shoulder at around 873.6 eV shown as tick in 
Figure 6.6(a) which is about 5 eV away from higher binding energy 
from Ni 2p1/2. This is the position expected for satellite of Ni 2p1/2. 
Plot in Figure 6.6 (b) shows the Mn 2p spectra with peaks at 642.19 
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and 653.69 eV confirming the manganese charge states as Mn3' and 
Mn4`. It shows that as Nit ion occupies the manganese site, it 
changes the Mn3`/ Mn4l ion ratio as to maintain the charge neutrality. 
This change in the ratio of manganese charge states affects the Zener 
double exchange which in turn affects the ferromagnetism of the 
system. 
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Fig. 6.6 Room temperature XPS spectra showing Ni 2p1p and Mn 2p 
edges of Lao. 67Sro.33MNo.95Nio.osO3. 
6.3.2. 	Magnetoresistance (MR) measurements 
i) Study of MR at 77K and 300K with applied magnetic field of 
8000 Oerested 
The MR ratio as a function of applied magnetic field (ranging 
from -8kOe to +8kOe) for all the samples of Lao.67Sro.:)3Mn)_xNiXO3 (0 <_ 
x <_ 0.09) were measured at room temperature (300K) and at low 
temperature (77K) as plotted in Fig. 5. The MR ratio is defined as 
%MR = 100% x  lP (o,r) - p (H,r)l (P (Or)] (6.1) 
where p(0, T) and p(II, T) arc the resitivities at zero field and applied 
field at temperature T. The maximum value of MR at both the 
temperatures is given in Table ll. 
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The low-temperature MR has a low-field and high-field 
component. This has also been observed in some other polycrystalline 
manganites, and it is attributed to the different physical origins 
(22,24,25,29,30]. From the plot (see inset 77K), low temperature MR 
curves exhibit distinct feature, characterized by a sharp increase in 
MR at low fields (H<1 kOe) so called low field MR effect (LFMR), 
followed by a slower variation 	but still significant MR at a 
comparatively high-field regime (H>l kOe) where MR is almost linear 
with H. The high-field MR (HFMR) increase is more remarkable in the 
sample with higher nickel content. Further at low temperature, for 
this particular range of doping (0 <- x <- 0.09) LFMR (at H <_ 1KOe) 
increases with increase in concentration of Ni, whereas the behavior 
of room temperature MR of LSMO samples (0 s x < 0.09) shows no 
abrupt fall in MR at Low fields (see inset Figure 6.7 at 300K). From 
Table II, it is clear that %MR falls abruptly from 0.1 kOe to 1 kOe at 
77K. 
Table H. Magnetoresistance (MR) variation with applied magnetic field 
and doping concentration at 77X. 
Magnetic 	X0.00 Field(Oe) x0.01 x=0.03 x=0.05 x=0.07 ie0.09 
100 -1.94 -2.02 -2.86 -2.89 -3.05 -2.93 
200 -3.66 -4.08 -5.90 -6.01 -5.85 -5.87 
300 -5.54 -6.14 -8.71 -8.85 -8.75 -8.74 
400 -7.35 -8.22 -11.67 -11.81 -11.78 -11.23 
500 -7.68 -9.03 -11.96 -12.45 -12.45 -12.51 
800 -8.68 -10.82 -12.81 -14.19 -14.52 -14.41 
1000 -9.26 -11.08 -12.9444.37 -15.11 -15.49 
2000 
4000 
-10.75 -12.54 -13.46 -15.36 
-16.56 
-16.55 
-17.75 
-16.59 
-18.14 -11.88 -12.87 -14.66 
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4800 -12.18 -13.40 -14.81 	-15.00 -18.03 -18.44 
5200 -12.32 -13.61 -14,82 	i 	-16.94 -18.28 -18.76 
5600 -12.47 -13.71 -15.08 -17.23 -18.42 -18.69 
6400 -12.81 -13.95 -15.46 -17.60 -18.68 -18.94 
7200 -13.03 -14.74 -16.38 -17.80 -18.77 -19.29 
The low temperature and low-field MR effect can be understood 
in terms of spin-polarized electron transport across the grain 
boundary regions where the structural and magnetic disorders are 
regarded as tunneling barriers (inter grain spin polarized tunneling 
model) [22,23] or strong scattering centers (spin polarized scattering 
model) [24,25]. In both tunneling and scattering models, the magneto 
transport depends on the relative magnetization orientations of two 
neighboring grains. Moreover, both tunneling and scattering models 
contributes a low-field MR effect. In our case, the resistivity 
contribution for the undoped sample is mainly from the grain 
boundaries, and therefore the low-field MR can also be accounted for 
the spin-polarized transport across the grain boundary regions. 
However, the resistivity at 77 K for the samples with x =0.01 to 0.09 
increases and is higher than the undoped sample [see Figure 6.16]. 
Such an increase in resistivity is expected to be from the intragrain 
contribution rather than from the intergrain (grain boundaries) due to 
the strongly spin-disordered scattering inside the grains. Since the 
conduction electrons are almost completely polarized inside a 
magnetic domain, electrons are easily transferred between pairs of 
Mn3  and Mn4' ions. However, when these electrons travel across 
grains, strong spin-dependent scattering at the boundaries will lead to 
a high zero-field MR. Application of a moderately low field can readily 
align the domains into a parallel configuration causing the MR% to 
drop substantially. Thus, consistency in the above fact implies that 
the grain boundary contribution to low-field MR can be neglected and 
the low field MR effect is related to the internal regions of the grains. 
Also, a possible reason for the low-field MR effect observed in the 
present series of Ni-doped samples can be due to magnetically 
disordered regions (centered around Ni ions) inside the grains which 
are introduced by Ni ions, and may serve as the pinning centers for 
magnetic domain walls as well as the strong spin scattering centers. 
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Fig 6.7. Field dependence %MR at 77K and 300K The inset illustrates 
(a) °%MR at room temperature (300 K) for x=O, x<O.1 (b) MR% at 77K in 
low field range upto 2KOe. 
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A moderately low field can reduce the scattering because of the 
alignment of the neighboring domains or/and cluster moments 
associated with these disordered regions. 
At a comparatively high-field region above 2 kOc, MR decreases 
linearly with the applied field, but with a much reduced slope. High-
field Magnetoresistance (HFMR) ratios at 77 and 300K are found to be 
-12.96 % and -3.267% respectively, at an applied magnetic field of 8 
kOe. The low temperature but high-field MR effect in the 
polycrystalline samples has been explained in terms of alignment of 
the neighboring Mn spins inside the grains or at the grain boundaries 
(GB's) [25, 29, 30]. The spins of ions are canted or disordered in this 
region which are aligned gradually with the increasing magnetic field. 
Therefore electrons may transfer more easily between Mn3- and Mn4 ' 
ions, leading to MR. In this case, application of a large magnetic field 
is usually needed Lo align the neighboring spins completely. Moreover, 
with increasing Ni doping, magnetically disordered regions increase 
leading to the enhanced high-field MR. Also, this is consistent with the 
fact that the magnetization continues to increase slowly with field in 
the polycrystalline samples see Figure 6.9] and on application of a 
large magnetic field, the increasing alignment of the neighbouring 
spins in the canted region leads to reduction in the resistivity. 
ii) Variation in MR ratio with Ni concentration at 77K and 300K 
The plot in Figure 6.8 shows the variation in MR with Ni doping 
concentration at 77K and 300K. Measurements shows the significance 
of Ni doping, at low temperature, Ni concentration increases the 
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magnetoresistance from -13.03% to -19.29%. However at room 
temperature it is showing a reverse trend with Ni doping i.e. % MR get 
reduced with a factor of just 1.94 (-3.31% to -1.37%). This result 
reveals that Ni doping reduces intrinsic CMR effect and enhances low 
temperature MR effect for all the samples. 
Fig 6.8. Effect of Ni doping concentration over magnetoresistance at 
77k and 300K 
It can be inferred, Ni doping results into two effects: one is the 
local lattice distortion another is the disordering arrangements of 
some Mn ions. As a result the spin lattice like antiferromagnetic 
fluctuations or spin clusters are introduced in a ferromagnetic matrix. 
When the Charge carriers enter these spin clusters, the carrier will be 
polarized and become the self trapping state like magnetic polarons. 
The transport process of charge carriers includes the hopping or 
tunnelling within spin clusters and between the adjacent spin 
clusters. The hopping mobility of carriers between the clusters is lower 
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than that within clusters because the carriers must change their spin 
direction when they hop from one cluster ion to another. This is spin 
dependent hopping process[31]. When an external field is applied it 
aligns the moment of local clusters along the field direction increase 
the interclusters hopping mobility of the carriers. It causes the 
resistance of sample to decrease, i.e the CMR. Therefore, CMR is 
caused by a magnetic field induced, enhancement of the carrier 
mobility. The spin dependent hopping is reduced when the Ni doping 
increase and also the number of ferromagnetic clusters increase and 
ferromagnetic-metallic continuum region decrease. Only some isolated 
ferromagnetic clusters can form in the magnetically disordered region. 
In this case, the conductance is controlled by the electron transport 
across the insulating regime and the conductivity decreases. It causes 
magnetization to decrease and the resistivity to increase. This can be 
observed by magnetization and resistivity measurements, discussed 
ahead. 
6.3.3. 	Magnetic properties 
i) Room temperature M-H measurements 
To understand the effect of Ni doping in LSMO samples, 
external field (H) dependent magnetization (M) measurements were 
observed and the results are shown in Figure 6.9. Considering 
technological relevance, experiments were carried at room 
temperature (T=300 K). The M-H measurement shows, well defined 
hysteresis loops, with reasonably good coercive field (H,) 15.03 Oe for 
the undoped sample which was observed to decrease with Ni doping at 
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the Mn site. This decrease in HH as a result of Ni doping may be 
attributed to the reduction in spin dependent electron hopping owing 
to Ni substitution at Mn site. However, for x =0.09 there is a slight 
increase in H, suggesting that some of the Ni ions segregates in the 
grain acting as pinning centre for the magnetic domain walls motion 
[Figure 6.10]. The calculated values of H, with Ni doping are presented 
in Table III. 
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Fig 6.9. Magnetisation measurement at room temperature (T=300K) for 
the series Lao. 67Sr0.33Mm.,yNiO3 (0 5 x 5 0.1). 
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Fig. 6.10 Coercivity behaviour with Ni doping at T = 300K 
Furthermore, the value of saturation magnetization Ms can be 
obtained at high field of about 6000 Oe which decreases from 65 
emu/g for the pristine sample to 42emu/g for the sample with Ni 
concentration of x =0.09 (Figure 6.11. This decrease in magnetization 
may be due to antiferromagnetic alignments. 
Fig. 6.11. Saturation Magnetization with Ni doping at room temperature. 
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Also, Ni at Mn site affects the valence states of manganese ions 
i.e. it reduces the ratio of Mn3+/Mn4 which in turn reduces the Zener 
double exchange as Ni does not participate effectively in double 
exchange processes, resulting into the reduction of magnetization. For 
better understanding of magnetic behaviour, a well known Arrott-
Belov-Kouvel (ABK) plots were plotted as shown in Figure 6.12 for the 
present series. ABK plots, i.e. plots of M2 versus HIM, at 300K for all 
the samples are showing convex curvature with finite spontaneous 
magnetization, an obvious nature of ferromagnetic phase of the 
samples which weakens with Ni doping due to reduction in double 
exchange and introduction of pronounced magnetic disordering. 
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Fig. 6.12 ABK plots of Lao.67Sro.33Mn1.XMO3 (0 5 x 5 0.1) at T = 300K (M2 
(emu/gp vs HIM (emu/g/Oet1J. 
Ii) ZFC/FC and high temperature magnetization measurements 
Figure 6.13 presents the magnetization as a function of 
temperature in zero-field-cooled (ZFC) and field-cooled (FC) processes 
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with an applied field of 100 Oe for the present Ni doped LSMO series. 
It is evident from the ZFC data that all the samples of the series 
undergo paramagnetic to ferromagnetic phase transition with lowering 
of temperature. It is quite clear from the measurements that as Ni 
content (x) increases magnetization M and Curie temperature Te get 
lowered with decreasing temperature and ferromagnetic transition 
becomes broader. Further, it is found that ZFC data do not coincide 
with FC data below a relatively high freezing temperature Tjj, which is 
a characteristics of cluster glasses where no long range ferromagnetic 
ordering exists. Interestingly, the difference between FC and ZFC 
curves observed in the present Ni doped series becomes less obvious 
with lower Ni substitution, reflecting the domain-motion character is 
constrained with increase in Ni concentration. 
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Fig. 6.13 ZFC/FC Magnetization vs Temperature for Lao.67Sro.33Mnl. 
xNlxO3 (0.01 S x <_ 0.09) at an applied field of 100 Oerested. 
alp? 
It also confirms the increase in coercivity at 9% Ni doping. From 
earlier reportsj3] the parent compound of our series is a perfect 
ferromagnet with Curie temperature of 375K. But, to find the Curie 
temperature TT of Ni doped samples high temperature magnetization 
experiments were carried in an applied field of 100 Oe (Figure 6.14). 
dM/dT versus T of the data was plotted to calculate TT (Figure 6.15) 
which shows that there is a shift in T, towards lower temperature 
range with Ni concentration. For x varying from 1% to 9% TT varies 
from 374.46 K to 333.22 K (Table III for the complete series) owing to 
the reduction of spin alignments when Ni replaces Mn ions in the 
perovskite lattice. 
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Fig. 6.15 dM/dT vs T showing Curie temperature (T ) for the Ni 
doped series Lao.67Sro.33Mn1.xMO3 (0.01 <_ x 5 0.09) 
Table M. Various Parameters observed for the present series of 
Lao.67Sro.33Mn1Ni;03 (0 <_ x <_ 0.09) [ Room temperature variation in 
Magnetization, Coercivity, Magnetoresistance (77K & 300K), Curie 
temperature Tc , Meal Insulator transition temperature Tp and zero field 
Resistivity] 
Sample Units x=0.0 x x x x x  =0.01 =0.03 =0.05 =0.07 =0.09 
Ms a (emu/g) 64.64 61.12 60.71 55.04 46.59 42.35 
Coercivity 
a (Oe) 15.03 14.89 13.68 11.72 10.81 11.54 
MR a (%) -3.31 -2.64 -2.27 -1.74 -1.59 -1.37 
MR b (%) -13.03 -14.74 -16.38 -17.80 -18.77 -19.29 
374.4 368.2 344.0 337.2 333.2 T, (K) 375 6 8 9 2 2 
p b (S2 cm) 0.057 0.066 0.082 0.087 0.112 0.156 
pmax c (S2 cm) 0.175 0.188 0.201 0.213 0.224 0.225 
322.9 315.8 287.5 245.9 228.7 TP (K) 325.3 3 5 3 3 5 
nT-300K, 'T-77K. `T Tp 
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It is interesting to know that both magnetization and T reduces 
simultaneously may be due to modifications in charge and 
ferromagnetic superexchange interactions taking place when Ni ions 
get substituted at Mn site. 
6.3.4. 	Electron transport properties 
I. Zero field Resistivity measurements (Metal-Insulator transition 
temperature) 
Figure 6.16 shows the temperature dependence of resistively (p) 
of LaQa7Sro,33Mni_.NizQa (0.01 s x <_ 0.09) samples at zero applied field, 
where the arrow indicates the position of the resistivity peak 
determined by the maxima in dp/dT. It is found that dp/dT<0 for 
T>Tp, is a characteristics of insulating behaviour whereas dp/dT0 for 
1'<T showing metallic behaviour. Thus, value of the first derivative of 
p vs T separates the metallic-insulating phases with a peak transition 
temperature T~, and p,,,s,.x as the peak resistivity of the sample. It is 
observed that with increasing Ni concentration (x) a significant 
downward shift in metal insulator transition temperature Tp as well as 
a broadening of the temperature dependence on the ferromagnetic 
metallic side is occurring (Figure 6.17). 
Obviously, the zero-field resistivity increases dramatically with 
Ni doping, owing to the strong electron scattering from magnetically 
disordered regions. For all the samples, a metal-insulator transition, 
characterized by a resistivity peak occurs below the Curie temperature 
T. and decreases in temperature with increasing nickel concentration. 
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Fig 6.16 Zero field- resistivity versus temperature curves of 
Lao.67Sro.33Mn1..M.03 (0.01 S x S 0.09) with inset showing variation in 
resistivity with Ni doping concentration at 77K and Tp. 
Also, samples with x = 0.07 and 0.09, such a resistivity peak 
appears at a temperature far below TT almost a difference of double in 
comparison to the samples with 0.0 <_ x <_ 0.05 [Figure 6.18]. The 
resistivity peak appearing at a temperature much lower than the Curie 
temperature is due to the in-homogeneities or the local magnetic 
disorder arising from statistical composition fluctuations or atomic 
short-range order due to Ni doping. 
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series Lan. e78r0.SsNn.XNiX0a (0.01 5 x 5 0.09). 
Table III summarizes the T➢ as well as resistivity at low 
temperature (77K) and at T, for all the samples of the series 
Lao.azSro.3sMn; NixOs (0.01 <_ x 5 0.09). Inset plot Figure 6.16 confirms 
about the ferromagnetic metallic (FMM) behaviour at low temperature 
(77K) for the pristine sample [tao.e7Sro.3sMnO3I which slightly and 
systematically reduces with the Ni concentration. It may be explained 
on the fact that, when Ni is doped into the samples, it occupies the 
Mn site in the lattice, which no longer effectively participates in double 
exchange mechanism between Mn3+/Mn4`. It is the prerequisite for 
ferromagnetism and metallic conductance in LSMO system. 
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Thus, Ni modifies the Mn-O-Mn network which weakens the 
ferromagnetism and increases the resistivity. From resistivity curves 
[Figure 6.16 and its inset] together with the low temperature electronic 
and magnetic phase, it is quite clear that the present series lies well in 
the ferromagnetic metallic regime (xs0.09) and seems to transit into 
insulating ferromagnetic and magnetic cluster regime if Ni doping 
continues. It is interesting that the behavior of data in Inset Figure 
6.16 have an almost exact inverse correlation with Figure 6.18. 
U. Low temperature (T<Tp) conduction mechanism 
It is observed from Figure 6.12(a), that in the range (0.01 <_ x <_ 
0.09) there is an insulator-metal transition occurring well below TT 
and at the same time, the resistivity increases dramatically with the 
addition of Ni. In order to understand the conduction mechanism, at 
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low temperature, the resistivity data was fitted in metallic regime T<Tp. 
It was found that in the metallic regime, conductivity data for all 
samples showed metal insulator transition best fit in the Zener 
polynomial equation of the order- 
p=p0+p2.5T2 	...................(6.2) 
where the first term po corresponds to the resistivity arising due to 
domain, grain boundary and other temperature-independent 
scattering mechanisms [32, 331 and the second term p2.5T2.5 arises due 
to electron-magnon scattering process [33] which is important in low 
temperature region. Figure 6.13 shows that the p-72.5 curves are 
almost linear in nature suggesting that the transport in this regime 
can be attributed to the electron-magnon scattering process. It further 
demonstrates that the metallic regime is actually in ferromagnetic 
(FM) phase [34]. 
0. 	.•~.~...... 0.18 
•••'•~~ 	 0.15 
0.12 
0.09 
-4x = 0.01 
0.06 
	
'~ 1 _ 	- - ~- 	
•.• 	0.21 
Ac 	
•••.. 
0.1 6 
0.12 
x=0.05 0.09 3 
- 	~_- 	 0.24 
III 
••. 	 0.21 
0.12 
0.18 
0.07 	 x = 0.09 
00 	25,10' 6.0x10 	1 6x10'0 0 	2 0x10' 4.0x10' 6.0x10' 8 0x10 
T2.5 K2.5 	12.5 K2.5, 
Fig. 6.13. Resistivity (p) vs T2 -5 curve for Lao. 67Sro.33Mnl..NixO3 with x = (a) 0.0, 
(b) 0.01, (c) 0.03, (d) 0.05, (e) 0.07 and (t) 0.09 below the metal-insulator 
transition (MIT) temperature Tp. The solid line gives the best fit to Eq. (2) at 
low temperatures (T <Tp). 
0.181 ,I 	 «••• 
0.15 
0.12 
0.09 
0.06. 	 -G'--x = 0.0 
0.21 
.. 0.18 ~ 	 ••'"~ 
V 0.16' 
0.12 
0.09 	-~-x = 0.03 
I•I 
0.21 	.•••+• 
0.1 5 
Q-x =	
. 
215 
The best fit parameters obtained from fitting of the low 
temperature metallic part of the zero field resistivity data with 
equation 6.2 are shown in Table IV. 
Table IV The values of the parameters po and p2.5 obtained from fitting 
the low temperature (T<Tp) resistivity data with Eq. (2). 
X p2.5 (ohm cm) p2.5 (ohm cm K25 ) 
0.0 0.05862 1.15283E-7 
0.01 0.06473 1.21378E-7 
0.03 0.08116 1.36426E-7 
0.05 0.08351 1.51992E-7 
0.07 0.1118 2.1095E-7 
0.09 0.14612 2.25983E-7 
Temperature independent term po and electron-magnon 
scattering term p2.5 both show an increasing trend with increasing Ni 
ions at Mn site causing lattice disordering and effects the conduction 
mechanism. Further, on applying magnetic field, aligns the spins in 
the magnetic domains by increase in ferromagnetic domain size and 
decrease in the size of domain boundary caused due to the 
magnetoresistive behaviour of the samples. (Figure 6.6) 
6.4. Conclusions 
In summary, LSMO with less than 10% Ni doping at Mn site 
have been synthesized and studied for the effect of doping on 
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magnetoresistance, magnetic and electron transport properties of 
Lao.67Sro.,3,3Mn1_XNi.1O.: (0.01 <_ x <_ 0.1) system. 
In the low-doping regime, Ni doping suppresses both 
ferromagnetic transition and metal-insulator transition, and causes a 
metal-insulator transition to occur at a temperature far below the 
Curie temperature. MR of the samples observed show inverse trend 
with increasing Ni content at 300k and 77K. Also, at low temperature 
LFMR has been observed due to the strong spin disordered scattering 
inside the grains as well as formation of pinning centers for magnetic 
domain walls by the Ni ions. 
Magnetization measurements of the samples show a 
simultaneous fall in Magnetization and Tc because of the 
modifications in charge and ferromagnetic superexchange. Further, 
transport mechanism in the series show an increasing resistivity with 
Ni doping owing to strong electron scattering from magnetically 
disordered region, also results reveals a fall in T p for the series is 
always less than Tc. Conduction mechanism in the metallic regime is 
attributed to the electron magnon scattering. 
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Chapter-7 
Conclusions 
VA 
Conclusions 
During the last few years there has been an extensive study in 
search of the nanomaterials suitable for treatment of cancer through 
hyperthermia. Magnetic Nano Particles (MNP's) possesses properties 
that are suitable for the magnetic hyperthermia. Specifications for the 
requirement of MNP's in terms of magnetization, coercivity, low Curie 
temperature, narrow and steep phase transition etc made perovskite 
manganites a useful material. 
Keeping in mind the above view, structural, magnetoresistive, 
electrical and magnetic properties of doped manganites (LaMnOi) 
perovskites were studied. The two systems studied are Sr doped 
LaMnOa and Ni doped Lao 67Sro.asMnO3. From our experiments it is 
proposed that the present studied systems are useful material for 
magnetic hyperthermia application. 
On the basis of the results obtained during the course of this 
work the key findings are summarized in three main headings as 
follows: 
7.1. Strontium doped LaMnO3 nanomanganites 
1. Strontium doped Lai-.Sr.MnO3 nanomanganite samples with x = 
0.3, 0.33, 0.4 have been successfully synthesized using mild 
sol-gel route at low sintering temperature as low as 7500C from 
their nitrate precursors in a sintering time of 4 hours. The X-ray 
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diffraction analysis reveals that all the samples prepared were in 
pure crystalline phase with rhombohedral symmetry in R-3c 
space group and the crystallite size obtained from the Debye 
Scherer formula were around 24 to 30 nm and it increased with 
increase in Strontium concentration confirmed by TEM 
micrograph. A broad peak at 615 cm - ' for all the samples in 
Fourier transform infrared (FTIR) spectroscopy gives an evidence 
for the formation of metal oxygen bond organized in to MnO6 
octahedral thereby preserving the perovskite structure. 
2. Magnetoresistance study conducted at low temperature (77K) 
and room temperature (300K) with an applied magnetic field of 
8000 Oerested suggests that 33% strontium doped LaMnO3 
showed substantial change in magnetoresistance values 
both at low temperature and room temperature, which was 
observed to be -17.15 and -3.07 respectively at all fields in 
comparison to the other two members of the series. At 77K 
LFMR has been observed substantially in all the samples, due 
to spin polarized tunnelling of conduction electrons across the 
grain boundaries and is found to be of -10.96, -13.76 and -6.4 
for the strontium content of 30%, 33% and 40% respectively. 
Room temperature (300K) LFMR is found to be of the order of - 
-1% 
3. Observed MR with crystallite size is not consistent rather, there 
is a shift in magnetoresistance at all fields, which is due to 
22) 
decrease in crystallite size, MR increases until the nanoparticles 
remain in magnetically multi domain regime, but as soon as it 
falls in the single domain regime, MR immediately starts 
diminishing. Thus, the study suggests that 33% strontium 
doped LaMnO3 is a good candidate for further exploration of 
magnetization properties and Curie temperature studies with 
doping at Mn site. 
7.2. Nickel doped La0.e7sr0.33MnO3 nanoparticles 
1. The LSMNO nanoparticles La2/aSri;3Mni-KNlXo3 (x=0, 0.05, 0.15 
and 0.25) were synthesized by mild sol-gel procedure from their 
nitrate precursors at a low sintering temperature of 750°C. The 
X-ray diffraction pattern revealed that all the samples formed 
were found in single phase without any detectable 
secondary/impurity phases. It was found that Ni doping 
increased the degree of long range ordering in the perovskite 
lattice. TEM analysis of the samples showed that the average 
particle size of the samples lies in 15 to 20nm and it decreases 
with the increase in Ni concentration. 
2. From FTIR analysis of as prepared and sintered samples showed 
that the transmittance decreases with Ni doping however, there 
is an increase in 25% Ni doped sample. Also, the metal-oxygen 
bonds are subsequently organized into a MnO6 octahedral 
structure, evidenced by the appearance of a well defined 
spectral band with a broaden peak at 604,29 cm- '. This 
224 
confirmed a crystalline powder containing the LSMNO 
perovskite structure material. 
3. At low temperature (77K), negative MR increases with Ni doping 
from -17.15 to -21.23 and maximum MR was observed for 25% 
Ni doped sample equal to -21.23 whereas, at room temperature 
(300K) negative MR decreases with increase in Ni concentration 
from -3.67 to -0.39. Thus maximum MR was found for pristine 
LSMO as -3.672 at 300K. 
4. Magnetization study revealed that the saturation magnetization 
decreases drastically for the series from pure to 25% doped 
sample, with a maximum magnetization of 60.9 emu/g for the 
pristine sample to 5.5 emu/g for the 25% Ni doped sample. 
Thus, it was affected maximum with the Ni. doping 
concentration because Ni doping induces antiferromagnetic 
alignments of spins between the Mn and Ni ions and thereby 
affects the Zener Double Exchange. Coercivity of the samples 
was found to be constant of - 10 Gauss. 
5. Above results concludes and suggests that if the doping criteria 
can be reduced below 10%, then Ni doped LSMO may be a 
possible candidate for hyperthermia application. 
7.3. Ni doped La0,67Sr0.33MnO3 synthesized by Solid state 
reaction route 
1. A series of polycrystalline La213Srt/3Mn1-xNixOs (0.00 5 x 5 0.09) 
samples were synthesized by the conventional solid state 
reaction route in air using oxide and carbonate precursors. The 
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X-ray diffraction analysis revealed that all the samples prepared 
were in pure crystalline phase. The structural parameters 
refined by Rietveld fitting of the XRD patterns of the samples 
confirms rhombohedrally distorted ABO3i type Lao.o7Sro.anMn1 
XNixO3 perovskite structure with space group R3c without any 
secondary or impurity phases. The peak intensity of pure LSMO 
perovskite phase is less with respect to nickel doped LSMO, 
indicating an increase in the degree of long range order in the 
perovskite lattice. 
2. Charge state of the doped element in the series was found to be 
in Nit which affects the ratio of Mn ionic states of +3 and +4 
and hence the Zener double exchange between the manganese 
ions. 
3. In the low-doping regime, Ni doping suppresses both 
ferromagnetic transition and metal-insulator transition, causing 
a metal-insulator transition to occur at a temperature far below 
the Curie temperature. MR of the samples observed show 
inverse trend with increasing Ni content at 300k and 77K. Also, 
at low temperature LFMR has been observed due to the strong 
spin disordered scattering inside the grains as well as formation 
of pinning centers for magnetic domain walls by the Ni ions. 
4. Magnetization measurements of the samples showed a 
simultaneous fall in Magnetization and T,- because of the 
modifications in charge and ferromagnetic superexchange. 
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5. Transport mechanism in the series showed an increasing 
resistivity with Ni doping owing to strong electron scattering 
from magnetically disordered region which revealed a fall in Tp  
for the series is lower than Tc. Conduction mechanism in the 
metallic regime is attributed to the electron magnon scattering. 
In the light of this study, Ni doped Lao.67Sro.33MnO3 can be 
synthesized in nano domain using solgel route with fine tuning 
of the dopant concentration so as to obtain desired T, and 
encapsulating with a suitable biological protein or polymer for 
further investigation of its application in Magnetic 
Hyperthermia. 
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Chapter-8 
Future Prospects 
Challenges 
Future Prospects 
Manganites with rich phase diagram always been a material of 
interest among the scientific community. Their properties have been 
investigated since decades because of the large number of applications 
in memory devices, fuel cells, spintronics based devices, bolometers etc. 
Nowadays, ferromagnetic doped perovskite manganites seem to be a 
promising candidate for hyperthermia application in biomedical sciences. 
Strontium doped LaMnO3 and Nickel doped LSMO manganites 
nanoparticles synthesized in this work have shown the desired 
properties required for hyperthermia application. Such magnetic 
nanoparticles can not be used directly for the cancer treatment as it may 
be toxic and harm the body. Thus, for successful application the 
proposed future plan is: 
1. To make the ferromagnetic manganite particles biocompatible i.e. 
a core shell nanoparticle structure by encapsulating the core 
magnetic nanoparticles by biocompatible components as shell. The 
shell material can be: Silica[TEOSJ, dextran protein, BSA (bovine 
serum albumin) etc. 
2. Determination of AC hysteresis loops of the magnetic core shell 
particle at constant temperature measured on dry compact powder 
samples thereby quantification of the frequency of the applied AC 
magnetic field. 
3. Measurement of heating power of magnetic nanoparticles, 
quantified as the Specific Absorption Rate (SAR) in units of wt/g 
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describes the amount of energy converted into heat per unit time 
and mass on the application of the applied AC magnetic field. 
Mathematically, it is given by 
SAR = c (dT/dt)(Ms/Mm) 
Where, c is the specific heat capacity of the sample under 
constant pressure, Ms/ M,,, is the weight fraction of the 
magnetically active element, dT/dt is the slope of the temperature 
Vs time dependence. Further, the amount of heat generated per 
unit volume is given by multiplying the SAR value by density of 
particles. 
4. Quantitative calculation of the temperature distribution in living 
tissues under typical conditions of magnetic hyperthermia. 
S. Heating experiments invitro and invivo on small animals with other 
studies such as cytotoxicity test, calculation of maximum tolerable 
dose (MTD) and other side effects needs to be be explored. 
The biggest challenge in the application is to avoid agglomeration 
of particles which affects the heating efficiency of the magnetic particles. 
Further, nanotechnology being the advanced technology of the 
future in the form of nanoparticles, nanocomposites, nanoclays, 
nanolayers, nanowires, nanocoatings. But nanotechnology needs 
exploration for aeronautical and space technology for energy storage, 
onboard data memory devices as MRAM, NEMS and MEMS based 
sensors, gyros etc. as it will provide a potential contribution in terms of 
cost, capabilities, mission risk, and finally technically innovative with 
revolutionary concepts. 
230 
List of Publications: 
4 Publication in International Peer Reviewed Journal 
1. "Synthesis and evolution of magnetic properties of Ni doped Lav3Sr11Mn1. 
,Ni„03 nanoparticles", Maneesha Gupta, Wasi Khan, Poonam Yadav, R. K 
Kotnala, A. Azam, A. H. Naqvi, Journal of Applied Physics, 111, 093706 
(2012) 
2. 'Low temperature synthesis and magnetore.sistance study of nano Lay. 
,SrjInO3 (x -0.3, 0.33, 0.4) perovskites", Maneesha Gupta, Poonam Yadav, 
Wasi Khan, Amir Azam, Alim HNagvi, R. K. Kotnala, Adv. Mat. Lett. 2012, 
3(3), 1309 (10.5185/amlett 2012.1309) 
3. "Magnetic, transport and magnetoreslstance behavior of Ni doped 
Lao.675re33MMn,.Ni,O3 (0.00 5 x < 0.09) system", Maneesha Gupta, R.K. 
Kornala. Wasi Khan, Ameer Azam, A.HNagvi. communicated 
4. "Small polaron hopping conduction in Ni doped LaFeO3"; Al. Wasi Khan, 
Ravi Kumar, Shahid Husain. Maneesha Gupta and JP. Srivastava, Journal 
of Pit ilosopleical magazine Volume 90, Issue 22. pages 3069-3079. July2010. 
5. "Small polaron hopping conduction mechanism in Fe doped LaMnO3  ", Wasi 
Khan, A Aim H Naqvi, Maneesha Gupta Gupta, Shahid Husain, and Ravi 
Kumar, J. Chhem. Phys. 135, 054501 (2011) 
International Conference Paper as- Oral Presentation: 
r. Low temperature .synthesis and magnetoresistance study ofnano Lai-,SndfnO3 
(x=0.3, 0.33, 0.4) perovskites", Maneesha Gupta, Poonam Yadav, Wasi 
Khan, Amir Azam, Alim HNagvi, R. K. Kotnala: International Conference on 
Nanomaterials & Nanotechnology (ICNANO-I1) , 18 to 21" December 
2011, Delhi University, New-Delhi. 
Posters: 
1. "Small polaron hopping conduction in Ni doped LaFeO3"; M Wasi Khan, 
Ravi Kumar, Shahid Husain, Maneesha Gupta andJP. Srivastava: 52tk DAE 
Solid State Physics Symposium held at University of Mysore, during Dec. 27-
31, 2007. (Best Poster Award) 
2. "Study of structural and magnetic properties of Ni doped Lao.6,Sr,j.33MnO3" 
Maneesha Gupta, Sajid, Jyoti Shah, Wasi Khan, R.K.Kotnala, A.H. Naqvi: 
231 
Workshop on Nanoscience and Nanotechnology March 26-27, 2011 
(Sponsored by UGC', Department of Applied Physics Z. Ii. College of Engg. & 
Tech. Aligarh Muslim University, Aligarh -202002 
Conference and Workshop Attended as Delegate: 
1) National seminar on Nanomaterials and Devices, January 30, 2008 jointly 
organized by Department of Physics, Jamia Milia Islamia and Society for 
Semiconductor Devices at JMI. Nest Delhi. 
2) Nanotechnolog '. The Science of the Future, 5- September 2008, organized by 
Department of Science and technology (DST) and Federation o/* Indian 
Chambers of Commerce and Industy, PIC('1, AlewDeihi. 
3) Notional Conference  on. Feb 15- 16 2009, organized by Shri Varshney 
Mahavidyalya, Bhim Rao Ambedkar University-Agra at Aligarh. 
4) Nanotechnology Conclave- 2009 "Nanotechnology Business: "The Giant in 
Dwarfs" 14- 15 April 2009 organized by Confederation o/ Indian Industries, 
GIST, TDPC, DST. Newdelhi. 
5) Workshop on oxide materials, May 12-13 2009, organized by IUAC New 
Delhi and Department of Physics, AMU Aligarh. 
6) EU-INDIA Workshop and EICOON School, Nanomaterials . for Sustainable 
Energy, 1-4 November, 2010, organized by IIT , New-Delhi. 
232 
